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24. B. Tech in Electronics and Communication Engineering
(with Specialization in BioMedical Engineering)

24. (a) Mission of the Department

Mission Stmt - 1

Build an educational process that is well suited to local needs as well as satisfies the national and international
accreditation requirements

Mission Stmt - 2

Attract the qualified professionals and retain them by building an environment that foster work freedom and
empowerment.

Mission Stmt - 3

With the right talent pool, create knowledge and disseminate, get involved in collaborative research with reputed institutes,
and produce competent graduands.

24. (b) Program Educational Objectives (PEO)

The Program Educational Objectives for the Electronics and Communication Engineering (with Specialization in BioMedical Engineering)
program describe accomplishments that graduates are expected to attain within five years after graduation. Graduates within 5 years of
graduation will / should demonstrate:

Expertise using their mathematical and scientific knowledge to solve emerging real-world problems, design and create novel

PEO -1 |products and solutions related to Medical Electronics and Instrumentation System Design that are technically sound, economically
feasible and socially acceptable.
Broad knowledge to establish themselves as creative practicing professionals, locally and globally, in fields such as design,
PEO-2 f . f : )
research, testing and manufacturing of Medical Electronics and Instrumentation Systems.
Communication skills (in both written and oral forms) and critical reasoning skills in bridging the divide between advanced
PEO-3 ; ) ! . s
technology and end users in the practice of BioMedical Engineering.
PEO -4 Sustained learning and adapting to a constantly changing field through graduate work, professional development, self-study and

collaborative activities.

PEO-5

Leadership and initiative to ethically advance professional and organizational goals, facilitate the achievements of others, and
obtain substantive results.

PEO-6

Ability to work productively as individuals and in groups (teamwork) of diverse cultural and multidisciplinary backgrounds.

24. (c) Mission of the Department to Program Educational Objectives (PEO) Mapping

Mission Stmt. - 1 Mission Stmt. - 2 Mission Stmt. - 3
PEO -1 L M H
PEO-2 L H
PEO-3 L L M
PEO-4 M L M
PEO -5 L H H
PEO-6 H H H
H - High Correlation, M — Medium Correlation, L — Low Correlation

24. (d) Mapping Program Educational Objectives (PEO) to Program Learning Outcomes (PLO)

Program Learning O (PLO)
. Program Specific
Graduate Attributes (GA) Outcomes (PSO)
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H - High Correlation, M — Medium Correlation, L — Low Correlation

Program Specific Outcomes (PSO)

Graduates of baccalaureate degree program in ECE with Specialization in BioMedical Engineering must demonstrate the ability to

PSO -1 |Apply scientific knowledge to solve problems at the interface of Engineering and Medicine.
PSO -2 |Design and develop medical devices in compliance with appropriate global standards.
PS0O -3 |Promote multidisciplinary research to seek health care solutions.
24. (e) Program Structure for B.Tech in Electronics and Communication Engineering (with specialization in BioMedical Engineering)
1. Humanities & Social Sciences 2. Basic Science Courses (B)
including M Courses (H)
Course Course Hours/ Week Caie CaiEs Hours/
Code Title L[T[P]|C = iEck
18LEH#101J 1Engiish 2101213 Gode Physics: EIectromagneticTrl:rlzory Quantum L L Re
gtgmggj gg:i;e IEPERY Mechanics, Waves and Optics 9)0]2]&
18LEH104J |German 2010123 18CYB101J |Chemistry 3[1]2]5
18LEH105J | Japanese 18MAB101T | Calculus and Linear Algebra 3/1/0]4
18LEH106J |Korean 18MAB102T |Advanced Calculus and Complex Analysis 3/1/0]4
18PDH101L | General Aptitude 0lol 201 18MAB201T Transforms and Boundary Value Problems 3/1/0]4
18PDH102T |Management Principles for Engineers| 2 | 0| 0 | 2 18MAB203T |Probability and Stochastic Process 3/1]0]4
18PDH103J |Social Engineering 1700212 18MAB302T Drscrete Mathematics for Engineers 3/1/0]4
18PDH201L |Employability Skills & Practices olol2]1 18BTB101T |Biology : 210]0]2
Total Learning Credits 12 Total Learning Credits 32
3. Engineering Science Courses (S) 4. Professional Core Courses (C)
Course Course w:;i/ Course Course w:;’

Code Title LIT|IP|C Code Title L|IT|P| C
18MES101L |Engineering Graphics and Design 1104 3 18ECC102J |Electronic Devices 3/0/2) 4
18EES101J |Basic Electrical and Electronics Engineering 3|1]12] 5 18ECC103J | Digital Electronic Principles 3|10/2] 4
18MES103L |Civil and Mechanical Engineering Workshop 1104 3 || 18ECC104T |Signals and Systems 3|/1/0] 4
18CSS101J |Programming for Problem Solving 3]0/4]| 5 ||18ECC105T |Electromagnetics and Ti ion Lines 3/0/0] 3
18ECS201T |Control Systems 3/0/0] 3 18ECC201J |Analog Electronic Circuits 3|10/2] 4

Total Learning Credits 19 ||| 18ECC202J |Linear | d Circuits 3|10/2] 4

18ECC203 Microprocessor, Microcontroller and Interfacing 3lo0l2] 4

Techniques

18ECC204J |Digital Signal Processing 3|10/2] 4

18ECC205J |Analog and Digital Communication 3|10/2] 4

18ECC206J |VLSI Design 3/0[2] 4

18ECC301T |Wireless Communications 3/1/0| 4

18ECC302J |Microwave & Optical Communications 3/0/2) 4

18ECC303J |Computer Communication Networks 3/0/2) 4

18ECC350T | Comprehension oj1/0] 1

Total Learning Credits 52

5. Professional Elective Courses (E) 6. Open Elective Courses (0)
Course Course Hours/ Week Course Course Hours/ Week
Code Title LIT|P| C Code Title LIT[P| C
Professional Elective - 1 3/0/0) 3 Open Elective - 1 3/0/0] 3
Professional Elective - 2 3/0]0] 3 Open Elective -2 3(0(0] 3
Professional Elective - 3 3/0/0] 3 Open Elective -3 3/0/0] 3
Professional Elective - 4 3/0]0] 3 Open Elective - 4 3/0]0]| 3
Professional Elective - 5 3/0/0] 3 Total Learning Credits 12
Professional Elective — 6 3/0/0] 3
Total Learning Credits 18
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7. Project Work, Seminar, Internship In 82 Mandatory/Coursesi(M}
Industry / Higher Technical Institutions (P) Course Course e
G @D Hours/ Code . _ Title LIT|P| C
Week 18PDM101L | Professional Skills & Practices 0fof[2] 0
Code Title LITIP C 18PDM201L | Competencies in Social Skills 0jof2] 0
18ECP101L [Massive Open Online Course- | 18PDM202L |Critical & Creative Thinking Skills 0jof2] 0
18ECP102L |Industrial Training - | 0]0]2] 1 18PDM301L |Analytical & Logical Thinking Skills 0jof2] 0
18ECP103L |Seminar — | 18LEM101T | Constitution of India 1/0/o0] 0
18ECP104L [Massive Open Online Course- || 18LEM104J |Value Education 1]0(1] 0
18ECP105L |Industrial Training - Il 0j0f2] 1 18GNM101L |Physical & Mental Health using Yoga 0(0]2] 0
18ECP106L |Seminar — Il 18GNM102L |[NCC/NSS /NSO 0j0j2| 0
18ECP107L |Minor Project ofo|6| 3 18LEM109T |Indian Traditional Knowledge 1]0[(0] 0
18ECP108L |Internship (4-6 weeks) 18LEM110L |Indian Art Form 0j0j2] 0
18ECP109L |Project 0f0 (20| 10 18CYM101T |Environmental Science 1/0/0] 0
18ECP110L Internship Total Learning Credits 0
Total Learning Credits 15
List of Professional Elective Courses (E) List of Open Elective Courses (0)
Any 4 Courses
Course Course Hours/ Week Course Course Hours/ Week
Code Title LIT|P| C Code Title LIT|P|C
18ECE260J |Biomedical Instrumentation 2/0/2] 3 18ECO101T [Short-Range Wireless Communication 3/0/0]3
18ECE261T |Medical Imaging Techniques 3/0/0] 3 18EC0102J | Electronic Circuits & Systems 2,0/2]3
18ECE262T |Biomaterials and Artificial Organs 3/0/0] 3 18ECO103T|Modern Wireless Communication Systems | 3 | 0 | 0 |3
18ECE263T |Biosensors 3/0]o] 3 18ECO104J |Audio and Speech Processing 21023
18ECE264T |Diagnostic and Therapeutic Equipment 3/ofJo] 3 18ECO105T |Underwater Acoustics 3/0[0]3
18ECE265J |Biomedical Signal Processing 2[0[2] 3 18ECO106J| PCB Design and Manufacturing 210123
18ECE266T |BioMEMS 3(o0fo0] 3 18ECO107T |Fiber Optics and Optoelectronics 3/0/0]3
18ECE267J |Biomechanics 2/0]2] 3 18ECO108J [Embedded System Design using Arduino 21023
18ECE360T |Rehabilitation Engineering 3/ofJo] 3 18ECO109J| Embedded System Design using Raspberry | , | | 5 | 3
18ECE361T |Biomedical Nanotechnology 3/0f0] 3 Pi
18ECE362T |Physiological Modelling and Simulation 3l0fo] 3 18ECO110J|3D Printing Hardware and Software 20123
18ECE363J |Medical Image Processing 2[0[2] 3 18ECO131J |Virtual Instr ion 2{0]2]3
18ECE364T [Body Area Networks and Mobile Health Care 3/o0fo] 3 18ECO132T | Analytical | ion 3/0]0]3
18ECE365T |Bio-inspired Human Machine Interface 3/0f0] 3 18ECO133T |Logic and Distributed Control System 3/0]0]3
18ECE366T |Implantable Bioelectronics 3(olo] 3 18ECO121T |Basics of Biomedical Engineering 3/0/0]3
18ECE367T | Trouble Shooting and Regulatory Affairs in 3lolol 3 18ECO122T | Hospital Information Systems 3[0]0]|3
Medical Instruments 18ECO123T | Biomedical Imaging 3/0/0]3
18ECE368T |Biomedical Laser Instruments 3/o0fo0] 3 18ECO124T |Human Assist Devices 3/0[0]3
18ECE369T |Home Medicare Technology 3/0(0] 3 18ECO125T | Quality Control for Biomedical Devices 3100713
18ECE460T |Acoustics and Optical Imaging 3/0/0] 3 18ECO126T| Sports Biomechanics 3/0]0]3
18ECE461T |Machine vision in Medical Technology 3/0/0] 3

B.Tech-ECE (BME)

SRM Institute of Science & Technology — Academic Curricula (2018 Regulations)




24. (f) Program Articulation for B.Tech in Electronics and Communication Engineering (with specialization in BioMedical Engineering)

Program Learning Outcomes (PLO)
Graduate Attributes

0

Course

Code Course Name

h

Society & Culture
Environment &
Sustainahilit
Individual & Team
Work
Communication
Project Mgt. &
Finance

Life Long Leaming
Multidisciplinary

[Engineering
[Ethics

Ki
Iy

=< |Problem Analysis

= Design &

18ECS101J |Basic Electrical Engineering and Circuit Theory

18ECS102J |Electronics Design Workshop

18ECS201T |Control Systems

18ECC102J |Electronic Devices

18ECC103J | Digital Electronic Principles

18ECC104T |Signals and Systems

18ECC105T |Electromagnetics and Transmission Lines

18ECC201J |Analog Electronic Circuits

18ECC202J |Linear Integrated Circuits

18ECC203J | Microprocessor, Microcontroller and Interfacing Techniques
18ECC204J | Digital Signal Processing

18ECC205J |Analog and Digital Communication

18ECC206J |VLSI Design

18ECC301T |Wireless Communications

18ECC302J | Fundamentals of Microwave & Optical Communication
18ECC303J | Computer Communication Networks

18ECC350T | Comprehension

18ECE260J |Biomedical Instrumentation

18ECE261T |Medical Imaging Techniques

18ECE262T |Biomaterials and Artificial Organs

18ECE263T |Biosensors

18ECE264T |Diagnostic and Therapeutic Equipment

18ECE265J |Biomedical Signal Processing

18ECE266T |BioMEMS

18ECE267J |Biomechanics

18ECE360T |Rehabilitation Engineering

18ECE361T |Biomedical Nanotechnology

18ECE362T |Physiological Modelling and Simulation

18ECE363J |Medical Image Processing

18ECE364T |Body Area Networks and Mobile Health Care

18ECE365T |Bio-inspired Human Machine Interface

18ECE366T |Implantable Bioelectronics

18ECE367T | Trouble Shooting and Regulatory Affairs in Medical Instruments
18ECE368T |Biomedical Laser Instruments

18ECE369T |Home Medicare Technology

18ECE460T |Acoustics and Optical Imaging

18ECE461T |Machine vision in Medical Technology

18EC0121T |Basics of Biomedical Engineering

18EC0122T |Hospital Information Systems

18ECO123T | Biomedical Imaging

18ECO124T |Human Assist Devices

18ECO125T |Quality Control for Biomedical Devices

18ECO126T | Sports Biomechanics

18ECP101L/
18ECP104L
18ECP102L/
18ECP105L
18ECP103L/
18ECP106L
18ECP107L/
18ECP108L
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H - High Correlation, M — Medium Correlation, L — Low Correlation, PSO — Program Specific Outcomes (PSO)
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24. (g) Implementation Plan for B. Tech in Electronics and Communication Engineering (with specialization in BioMedical Engineering)

< ter- 1 < ter — Il
N Hours/ Week N Hours/ Week
Code Course Title RE Code Course Title fursT eep C
18LEH102J- |Foreign Language (Chinese/ French/ German/ 210 3 18LEH101J |English 2(0[2] 3
18LEH106J |Japanese / Korean) 18MAB102T |Advanced Calculus and Complex Analysis 3|1/0] 4
18MAB101T |Calculus and Linear Algebra 3/1]0] 4 18PYB101J Physics: Electromagnetic Theory, Quantum 3l1]2] 5
18CYB101J |Chemistry 3[1]2]| 5 Mechanics, Waves and Optics
18CSS101J |Programming for Problem Solving 3/0]4| 5 18MES101L |Engineering Graphics and Design 1/0(4] 3
18MES103L |Civil and Mechanical Engineering Workshop 1/014] 3 18EES101J |Basic Electrical and Electronics Engineering 3[1]2| 5
18PDM101L |Professional Skills and Practices 0j0j2| 0 18PDH101L | General Aptitude 0j/0/2]| 1
18LEM102J |Value Education 1/0[1] 0 18LEM101T | Constitution of India 1/0(0]| 0
18GNM102L |[NCC/NSS /NSO 0j0j2| 0 18GNM101L |Physical and Mental Health using Yoga 0j0f2] 0
Total Learning Credits 20 Total Learning Credits 21
S ter - Il Semester - IV
" Hours/ Week " Hours/ Week
Code Course Title Lm"s-r e; C Code Course Title fum-r e; C
18MAB201T |Transforms and Boundary Value Problems 3[1/0] 4 18MAB203T |Probability and Stochastic Process 3[1/0) 4
18ECS201T |Control Systems 3(0j0] 3 18BTB101T |Biology 2(0)0) 2
18ECC102J |Electronic Devices 3(0/2] 4 18ECC201J |Analog Electronic Circuits 3(0/2) 4
18ECC103J |Digital Electronic Principles 3(0)2)| 4 18ECC202J |Linear Integrated Circuits 3(0/2) 4
18ECC104T |Signals and Systems 3[1/0] 4 Professional Elective-1 3(0/0) 3
18ECC105T |Electromagnetics and Ti ion Lines 3(0j0] 3 Open Elective-1 3(0/0) 3
18PDH103J |Social Engineering 11012 2 18PDH102T |Management Principles for Engineers 2/0/0| 2
18PDM201L |Competencies in Social Skills 0f0j2] 0 18PDM202L |Critical and Creative Thinking Skills 0j0j2] 0
18CYM101T |Environmental Science 1/0/0] 0 Total Learning Credits 22
Total Learning Credits 24
Semester - V Semester - VI
) Hours/ Week ) Hours/ Week
Code Course Title LmT e; C Code Course Title |_°“rsT e; C
18MAB302T |Discrete Matt for Engineers 3[1/0) 4 18ECC206J |VLSI Design 3/0/2] 4
18ECC203 Microprocessor, Microcontroller and Interfacing 3l0l2] 4 18ECC302J |Microwave and Optical Cc 3/0(2| 4
Techniques 18ECC303J |Computer Communication Networks 3/0/2] 4
18ECC204J |Digital Signal Processing 3/0[2] 4 18ECC350T |Comprehension 0[1]{0] 1
18ECC205) |Analog and Digital Communication 3(0/2) 4 Professional Elective-3 3|0/0] 3
Professional Elective — 2 3/0(0] 3 Professional Elective-4 3|10/0] 3
Open Elective - 2 3/0j0) 3 Open Elective-3 3|10/0] 3
G Massive Open Online Course-| / Industrial e Massive Open Online Course-Il / Industrial
18ECP102L/ et | Semiiere 0(02| 1 18ECP105L/ Training-Il / Seminar-I 0(0f2( 1
18ECP103L 9 18ECP106L | o mnd!/ Seminar
18PDM301L |Analytical and Logical Thinking Skills 0/0j2] 0 18PDH201L |Employability Skills and Practices 0[0f2] 1
18LEM110L |Indian Art Form 0j0j2] 0 18LEM109T |Indian Traditional Knowledge 1/0{0] 0
Total Learning Credits 23 Total Learning Credits 24
S ter - VII S ter - VIII
" Hours/ Week . Hours/ Week
Code Course Title fursT e; C Code Course Title f"rsT ef, C
18ECC301T |Wireless Communications 3/1/0] 4 18ECP109L /| . f
Professional Elective-5 300 3 || |1eEcpioL |Proiect / Semester iniemship 0]|®]a) ®
Professional Elective-6 3/0f0] 3
Open Elective-4 3(0/0) 3
18ECP107L/ |, ,. 6 8
18ECP108L Minor Project / Internship (4-6 weeks) 0/0[6] 3
Total Learning Credits 16 Total Learning Credits 10
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B. Tech in Electronics and Communication Engineering
(with Specialization in BioMedical Engineering)

2018 Regulations

Engineering Science Courses (S)
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Course Course Course . L|T|P|C
Code 18ECS201T Name CONTROL SYSTEMS Category Professional Core 300l 03
Pre-requisite 18MAB102T Co-requisite 18ECC104T Progressive Nil
Courses Courses Courses
Course Offering Department ‘ Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Learn about | modeling techniques of mechanical and electrical systems 1 3 1123 /4|5|6 81910 1M[12[13[14]15
CLR-2: |Impart knowledge about the transient and steady state error and analysis N RS
CLR-3: |ldentify and analyze stability of a system in time domain using root locus technique tl=sl= s = 5 g
CLR-4: |Know about different frequency domain analytical techniques 8 E § k € % % 5 3 _ 2|8
CLR-5: |Acquire the knowledge of a controller for specific applications % £ é |, §E|=|8|,|2 i § > g % b
CLR-6: |Impart knowledge on controller tuning methods £12 € 2|8 & 3| 5|% S| s|5|€E|1818 |2
ElE 2 | T 88382 |5 E8|Eee,E
Els3 1SS s 8 SRR A
5 | | & Slcsl2| | 2|5 ,|23|2|3|8|% :
Course Learning Outcomes (CLO): ‘AI the end of this course, learners will be able to: R 53| 5 g8 5|22 £ o SL58 &
] s 8|23 G|ld|2|8|&|5|28825 R
CLO-1: |Dy ine Transfer function of a system by ical modeling, block diagram reduction and signal flow graphs 1,280 | 80 HIH|-|-|-]-]-1-1-1-|l-]1-1Hl-1-
CLO-2: |ldentify the standard test inputs, time domain specifications and calculate steady state error 1,2 85|80 Hi{H|-|-|-|-|-]|- - H -
CLO-3: |Plot a root locus curve and analyze the system stability using Routh array 23[90 85 H|H -] - -] - - | H -
CLO-4: |Analyze the frequency domain specifications from bode and polar plots 23|90 | 85 HIH|-|-|-|-1-]- - | -|H -
CLO-5: |Design a closed loop control system for specific application 1,2,3| 80 | 80 HIH|-|-|-]-]-1-1-1-/l-1-|H-1-
CLO-6 : |/dentification of controller parameters and tuning 1,23/ 85| 85 HIH|-|-|-|-|-1-1-1-1-1-1H -
Duration
(hour) 9 9 9 9 9
SLO-1 |Open and closed loop control system Standard test signals and their expression | Poles and zeros of a system Frequency domain analysis Controllers-Significance and Need
§1
SLO-2 |Feedback and Feed forward control systems Type number and order of a system Pole zero plot and concept of s plane | Frequency domain specifications Stability of closed loop systems
SLO-1 Z'ransfer function of a system and basis of Laplace |Transfer funct/onl of First order system for | Proper, Strictly Proper and Improper Frequgnpy domain plots, minimum and SISO and MIMO control systems
S2 ransforms Step and ramp signal systems non minimum phase systems
. " Transfer function of First order system . . Correlation between time and
SLO-2 |Need for mathematical modeling Impulse and parabolc signal Characteristic equation frequency domain Types of controllers-ON-OFF,P,1,D
General transfer function of second order | Concept of stability from pole zero Bode plot approach and stabilit .
SLO-1 | Representation of mechanical translational P yiomp potapp v Composite Controller-P|,PD and PID
ton o 1 B system location analysis
8-3 systems using differential equation and
o |determination of transfer function Identification of damping factor and Need for Stability analysis and . Controller parameters and tuning
§L0-2 classification based on it available techniques Rules for sketching bode plot methods
Step response of critically damped second | Necessary and sufficient Condition for
SLO-1 . . . - . -
S-4 Representation of mechanical rotational systems |order system stability Bode plot of typical systems Design Specification, controller
sL02 and determination of transfer function Step response of under damped second Significance of Routh Hurwitz configurations- ON-OFF controller
3 order system Technique
SLO-1 S&;ﬁ:&ons of Mechanical system to Electrical frtsgrr;fggﬁe of over damped second Computation of Routh array . o
s st —r——r— B pltof pical ystens confpuatons D colr
SLO-2 |f-V and f- electrical analogies syzfe’r'ssp 0n1se of Uundampea second order | po itk array of stable systems g
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Time domain specifications and their B
SLO-1 P Routh array of Unstable systems Polar plot and significance i
S-6 Block diagram reduction rules and methodology | Significance 4 4 P 9 gi%g" of speed control system for DC
SLO-2 Numerical solution Routh array of Unstable systems Nyquist stability criterion
SLO-1 . ) . . Transient and steady state error analysis | Root locus technique . Design of control system for Twin Rotor
s.7 ::'e\ga:’;sgzn of transfer function using block diagram Sketching of polar plot on polar graphs Mult input Mult output System(TRMS)
SLO-2 Static and dynamic Error coefficients Rules for sketching root locus with one degree of freedom
SLO-1 Signal flow graphs and evaluation of transfer Static error constants and evaluation of
S-8 02 function steady state error Root locus plot of typical systems Polar plot of typical systems Case study 1
SLo- Dynamic error constants and evaluation of
S-9 Block diagram to signal flow conversion y d Root locus plot of typical systems Polar plot of typical systems Case study 2
SLO-2 steady state error
Learning 1. Nagrath.J and Gopal.M,, “Control System Engineering”, 5t Edition, New Age, 2007 3. Gopal.M, “Control System Principles and Design”, 2" Edition, TMH, 2002
Resources 2. Benjamin C Kuo, “Automatic Control System”, 9t edition, John Wiley & Sons, 2010 4. Sivanandam and Deepa, “Control system Engineering using MATLAB", 2" edition, Vikas publishers, 2007
Learning A t
Bloom’s Continuous Learnin 1t (50% weightage) Final Examination (50% weightage)
Level of Thinking CLA-1(10%) CLA-2 (15%) CLA -3 (15%) CLA -4 (10%)
Remember o o o o o
Level 1 Understand 40% 30% 30% 30% 30%
Level 2 Apply 0% 40% 0% 40% 0%
Analyze
Level 3 Evaluate 20% 30% 0% 30% 30%
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com

1. Dr. Meenakshi, Professor of ECE, CEG, Anna University,

meenab68@annauniv.edu

Dr. T. Deepa, SRMIST

2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in

Mrs. R. Bakhya Lakshmi, SRMIST
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Course Course Course ) L|T|P|C
Code 18ECC102J Name ELECTRONIC DEVICES Category C Professional Core a0l 2 a
Pre-requisite Co-requisite § Progressive
Courses 18EES101J ‘ Courses Nil Courses 18ECC201J, 18ECC202J, 18ECE203T, 18ECE303T, 18ECE321T, 18ECE322T
Course Offering Department [Electronics and Communication Engineering [Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Provide a basis for understanding semiconductor material, how a pn junction is formed and its principle of operation 11213 1123|4567 |89 10]11/12[13[14]15
CLR-2: |Explain the importance of diode in electronic circuits by presenting appropriate diode applications 5
CLR-3: |Discuss the basic characteristics of several other types of diodes that are designed for specific applications N § R
CLR-4: |Describe the basic structure, operation and characteristics of BJT, and discuss its use as a switch and an amplifier. gl =l = Jg = 2|5 3
CLR-5: |Describe the basic structure, operation and characteristics of MOSFET, and discuss its use as a switch and an amplifier. 8 5\; §\: §a z § § 5 3 ff § 4
CLR6: Use modern engineering tools such as PSPICE to carry out design experiments and gain experience with instruments % £ é 2|,/ &= S| . 2 i § = g ;‘f b
*_|and methods used by technicians and electronic engineers £lg|s glele|&|8|5|% Sls|S|s|28|8| 2
£ &|F 2| 2/8/8|8|3|% | 8|5 3|2ty <
58|38 Sl =gl 2k HEREEIRECEE
S| 8 ] cs| 2| E|Z2|S5|.|3|88|B|8|F e
Course Learning Outcomes (CLO): [At the end of this course, learners will be able to: T 8|8 S % 25 8|8 2 2 E £ 2 % S o = o
3| 3|3 Glael8|l |23 H|ld|2|8|a|5]82 888
CLO-1: |Explain the operation, characteristics, p and specifications of semiconductor diodes and special diodes 116070 H{-|-|-1-1-1-1-1-/l-/]-/{M[-]-/-
CLO-2: |lllustrate important applications of semiconductor diodes and special diodes. 2 60|70 - - - - - M- -
CLO3: aR:(\j/l;vvvi tl;r’;;%ar transistor construction, operation, characteristics and parameters, as well as its application in amplification 1 160! 70 Hl - e iml }
CLO-4: |Review field-effect transistor construction, operation, characteristics and parameters, as well as its application in 1160l 70 Hl - } J e A R A Y A AV
amplification and switching.

CLO-5: |Construct a circuit, then make functional measurements to understand the operating characteristics of the device / circuit. 317075 - - Eo I B N T B R B e Y o Y S
CLO-6 : | Solve specific design problem, which after completion will be verified using modern engineering tools such as PSPICE. 217075 -l -l-1H|l-|-|LIH|{M|-IM|-]|-]-
Duration Semiconductor Diodes Diode Circuits Special Diodes Bipolar Junction Transistors MOS Field-Effect Transistors

(hour) 15 15 15 15 15
SLO-1 Bas:p gemtcolr;duc(or theory: Intrinsic & HWR operation, Efficiency and ripple factor|Backward diode Physical structure Physical structure
S extrinsic semiconductors
SLO-2 |Current flow in semiconductors Problem solving Varactor diode Device operation of BJT 59(;180:1:'078 erafion of E-MOSFET & D-
SLO-1 |PN junction theory: Equilibrium PN junction Center-Tapped Transformer FWR Step recovery diode Current-Voltage characteristics of CE BJT |-V characteristics of E-MOSFET
s-2 operation, Efficiency and ripple factor configuration _
SLO-2 |Forward biased PN junction Problem solving Point-contact diode g:;;zr:lt,;/:;fge characteristics of CE BJT Problem solving
. f PR Bridge FWR operation, Efficiency and Metal-semiconductor junction: Structure, | Current-Voltage characteristics of CB BJT ! .
s SLO-1 |Reverse biased PN junction ripple factor Energy band diagram configuration Derive drain current
SLO-2 |Relation between Current and Voltage Problem solving Forward & Reverse Characteristics of Current-Vthage characteristics of CB BJT Problem solving
Schottky Diode configuration
4§5 gtg; Lab 1: PN Junction Diode Characteristics |Lab 4: Diode clipping and clamping circuits |Lab 7: Series and Shunt Regulators é‘?rijfs BJT and MOSFET Switching Lab 13: Repeat Experiments
SLO-1 |Calculate depletion width Filters: Inductor & Capacitor Filters Tunnel Diode gélr:;,.e':fr';/t%?ge characleristics of CC BJT Derive transconductance
6 Currgnt-Voltage characteristics of CC BJT
SLO-2 |Calculate barrier potential Problem solving Tunnel Diode . Problem solving
configuration
8-7 | SLO-1 |Derive diode current equation Filters: LC & CLC Filters Gunn Diode BJT as an amplifier CMOS FET
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SLO-2 |Derive diode current equation Problem solving Gunn Diode BJT as a switch MOSFET as an amplifier
sLo-1 |Effect of Capacitance in PN junction: |y 4o cjners IMPATT Diode BJT circuit models - h-parameter MOSFET as a switch
58 Transition Ca
SLO-2 |Diffusion Capacitance Problem solving IMPATT Diode BJT circuit models — hybrid-1r parameter | Problem solving
S | SLO1 ) L : . . e Lab 11: Photoconductive Cell, LED, and X L
910 | SLO | Lab 2 Zener diode characteristics Lab 5: BJT Characteristics Lab 8: MOSFET Characteristics Solar Cell Characteristics Lab-14: Model Examination
SLO-1 Er]ergy band structure of PN Junction Diode Clampers PIN Diode BJT b/qsmg ctrcu:t§ andlsrablllty analysis: Biasing Circuits for MOSFET: Gate Bias
S-1 Diode Base bias and emitter bias
Ideal diode and its current-voltage . . . .
SLO-2 characteristics Problem solving PIN Photodiode Problem solving Problem Solving
SLO-1 | Terminal characteristics & p Voltage Multipliers Avalanche photodiode Voltage-divider bias Self-bias
§-12 i —
SLO-2 |Diode modeling Zener d’.Ode' Characteristics, breakdown Laser diode Problem solving Problem Solving
" . Zener resistances and temperature effects . . A, i
13 SLO-1 |DC load line and analysis Zerer diode as voltage regulator Problem solving Collector-feedback bias Voltage-divider bias
SLO-2 |Problem solving Problem solving Problem solving Problem solving Problem Solving
S | SLO-1 . L ' T . PSSR, Lab 12: Simulation experiments using Lab 15: End-Semester Practical
14155102 Lab 3: Diode rectifier circuits Lab 6: BJT Biasing Circuits Lab 9: MOSFET Biasing Circuits PSPICE Examination
1. David A. Bell, Electronic Devices and Circuits, 5" ed., Oxford University Press, 2015 5. Robert L. Boylestad, Louis Nashelsky, Electronic Devices and Circuit Theory, 11% ed., Pearson Education, 2013
Learning 2. Donald Neamen, Electronic Circuits: Analysis and Design, 3" ed., McGraw-Hill Education, 2011 | 6.  Muhammad Rashid, Microelectronic Circuits: Analysis & Design, 2 ed., Cengage Learning, 2010
Resources 3. Adel S. Sedra, Kenneth C. Smith, Microelectronic Circuits: Theory and Applications, OUP, 2014 | 7. Muhammed H Rashid, Introduction to Pspice using OrCAD for circuits and electronics, 3 ed., Pearson, 2004
4. Thomas L. Floyd, Electronic Devices”, 9" ed., Pearson Education, 2013 8. Laboratory Manual, Department of ECE, SRM University
Learning A t
, Continuous Learning Assessment (50% weightage) ) - o
Leveli’;’m:km CLA—1(10%) CLA -2 (15%) CLA- 3 (15%) CLA—4 (10%)% Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 522‘:&22; 20% 20% 15% 15% 15% 15% 15% 15% 15% 15%
Level 2 ﬁgg:zze 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Level 3 E::;‘::te 10% 10% 16% 15% 15% 15% 15% 16% 16% 16%
Total 100 % 100 % 100 % 100 % -
# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
Course Designers
Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com 1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu 1. Mr. Manikandan AVM, SRMIST
2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com 2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in 2. Dr. Diwakar R Marur, SRMIST
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Course Course Course ) T/P|C
Code 18ECC103J Name DIGITAL ELECTRONIC PRINCIPLES Category C Professional Core 3 7 12
Pre-requisite 18EES101J Co-requisite Nil Progressive 18ECC203, 18ECC206J, 18ECE206.
Courses Courses Courses
Course Offering Department [Electronics and Communication Engineering [Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Understand binary codes, digital arithmetic operations and able to simplify Boolean logic expressions 11213 1123|4567 |89 10]11/12[13[14]15
CLR-2: |Describe how basic TTL and CMOS gates operate at the component level
CLR-3: |Able to design simple combinational logics using basic gates and MSI circuits g
. |Familiarize with basic sequential logic components: flip-flops, registers, counters and their usage, and able to design and 5l |s
CLR-4: " A o . = = 2l | &
analyze sequential logic circuits and Finite State Machines. tlzl= 8 3 2|5 3
CLR-5: |Know how to implement logic circuits using PLDs. 8 e\; < §a 58 % K] 3 2|g|&
CLR-6: Use modern engineering tools such as PSPICE / Logisim to carry out design experiments and gain experience with % |5 é 2 .| B|% % ° 2 i é > g % b
" linstruments and methods used by technicians and electronic engineers 2|5 glale| 8 3|2 3 Sl 5|= |52 =
ETETERE I IR AN IR A1 TRk b
S| 35| 3B s|l2a| 5| &8 3| 8|ls|S8|% :
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: T 2|8 5 g2 5 2|8 2] g 2 £l 2 % dlof o
S| &| & Glal8|l &2 8|&|lmd|2|8|a|l5|82 888
. |Simplify Boolean expressions; carry out arithmetic operations with binary numbers; apply parity method for error detection
CLO-1: and correction T|%o|7s Hl-1- 1 ) N )
CLO2: Explain the operational characteristics / properties of digital ICs; implement gates as well as other types of IC devices using 118! 70 H I O e oL ol
" |two major IC technologies, TTL and CMOS.
. |Identify eight basic types of fixed-function combinational logic functions and demonstrate how the devices / circuits can be
CLO-3: P . 23|90 |75 SIM|H|-|H|-|-]- R e
used in building complete digital systems such as computers.
CLO-4: |Analyze and design Mealy and Moore models of sequential circuits using several types of flip-flops. 23|90 |75 MIH|-|H|-[-]- -l - - ] - -
CLO-5: |Implement multiple output combinational logic circuits using PLDs; Explain the operation of a CPLD and FPGA. 2 80|75 MIH| - | L|-]-|-1-1-1-1-1-1-]-
CLO-G: fggl]\l(sei;pecmc design problem, which after completion will be verified using modern engineering tools such as PSPICE / 219075 R Y T S AT O R TN O O O I VR B
Duration gli':;ﬁfi?:i?r; E;%::Iie\;:h:l ?12;::: Logic Families Combinational Systems Sequential Systems Memory and Programmable Logic
hour,
{houn) 15 15 15 15 15
Binary Codes, Digital Arithmetic and . . § L . . "
o1 SLO-1 Simplification of Boolean Functions Introduction Binary arithmetic units Flip-flop and Latch: SR latch, RAM Memory decoding
SLO-2 |Error detecting codes TTL Logic Family Adder JK flip-fiop, T flip-fiop, D flip-flop ROM
SLO-1 |Error correcting code Totem-pole TTL Design of Half adder Master-slave RS flip-flop grogrammable Logic Devices (PLDs):
s2 asic concepts
SLO-2 |Hamming Code open-collector and tristate TTL Design of Full adder Master-slave JK flip-flop PROM
SLO-1 |Arithmetic number representation S; hottkey. T,TL' standard TTL Subtractor Registers & Counters PROM as PLD
53 characteristics
SLO-2 |Binary arithmetic Metal Oxide Semiconductor logic families | Design subtractor using logic gates Shift registers (SISO, SIPO, PISO, PIPO)  |Programmable Array Logic (PAL)
S | SLO-1 LAB 1: Study of logic gates LAB 4: Design and implement encoder and | LAB 7: Implement combinational logic LAB 10: Design and implement LAB 13: Construct combinational circuit
4-5 | SLO-2 - oludy oflogic g decoder using logic gates functions using standard ICs Synchronous Counters using Logisim
§-6 | SLO-1 |Hexadecimal arithmetic N-MOS n-bit parallel adder & subtractor Universal shift register Programmable Array Logic (PAL)
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SLO-2 |Hexadecimal arithmetic P-MOS look ahead carry generator Counters: Asynchronous/Ripple counters | Programmable Logic Array (PLA)
SLO-1 |BCD arithmetic simplification CMOS logic circuits Decoder Synchronous counters, Modulus-n Counter | Programmable Logic Array (PLA)
S-7 PR -
SLO-2 Mlnlle?th{l of?oolgan Functions: Characteristics of MOS logic Encoder Ring counter, Johnson counter Design combinational circuits using PLD’s
Algebraic simplification
SLO-1 |Problems on Algebraic simplification %){ng_ar_e MOS logic circuts(CMOS) with Multiplexer Up-Down counter Design combinational circuits using PLD’s
58 ligital circuit
SLO-2 |Karnaugh map simplification Electrical characteristics Demultiplexer Mealy and Moore model Design combinational circuits using PLD’s
S | SLO-1 |LAB2: Destgr? and Imp/ement Adderand [LAB5: Deg/gn and lmp/emgnt Multiplexer |LAB 8: Verify characteristic table of flip- LAB 11: Construct and verify shift registers |LAB 14: Model Practical Examination
9-10 | SLO-2 [Subtractor using logic gates and Demultiplexer using logic gates flops
SLO-1 |Problems on Karaugh map simplification |Fan-out Code converters Synchronous (Clocked) sequential circuits gf‘;i" of combinational circuts using
S-11
SLO-2 |Problems on Karnaugh map simplification |Propagation Delay Magnitude comparators Synchronous (Clocked) sequential circuits |Design sequential circuits using PLD’s
SLO-1 |Quine McCluskey Power dissipation Magnitude comparators Synchronous (Clocked) sequential circuits | Design sequential circuits using PLD’s
§-12 -
SLO-2 |Tabulation method Noise margin Parity generators (Odd parity) Analyze ,a"d. de§lgn synchronous Design sequential circuits using PLD’s
sequential circuits
SLO-1 Problen_ls on Quine McCluskey or Supply voltage levels Parity generators (Even parity) State reduction Design sequential circuits using PLD’s
513 Tabulgtlon method. i ) ] - )
SLO-2 Exercise problems using Tabulation Operational voltage levels Implementa{lon of combinational ogic by State assignment Design sequential circuits using PLD’s
method standard IC’s.
S | SLO-1 |Lab 3: Design and Implement 2-bit LAB-6: Design and implement code LAB 9: Construct and verify 4-bit ripple X P T "
14-15| SLO-2 |Magnitude Comparator using logic gates | converters using logic gates counter, Mod-10/Mod-12 ripple counters Lab 12: Construct mini project work LAB 15: University Practical Exam
ji i iletti. Diait it it i il th
1. Morris Mano M, Mlchael D. Ciletti, Digital Design with an Introduction to the Verilog HDL, 5 ed., 4. Ronald J. Tocci, Digital System Principles and Applications, 10 ed., Pearson Education, 2009
Learning Pearson Education, 2014 5. Donald P Leach, Albert Paul Malvino, Goutam Saha, Digital Principles and Applications, 6" ed., Tata-
R 2. Charles H Roth (Jr), Larry L. Kinney, Fundamentals of Logic Design, 5" ed., Cengage Learning India ] . § ! § i
esources Edition, 2010 Mcgraw Hill, 2008 o
3. Thomas L. Floyd, Digital Fundamentals, 10% ed., Pearson Education, 2013 6. LAB MANUAL, Department of ECE, SRM University
Learning A
8 Continuous Learning Assessment (50% weightage) Y - I
Lol ome CLA-1 (10%) CLA-2 (15%) CLA-3 (15%) CLA- 4 (10%)% Final Examination (50% weighiage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
" Level 1 Remember 20% 20% 15% 15% 15% 15% 15% 15% 15% 15%
Understand
Level 2 ﬁﬁg:gze 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Level 3 E:::::‘e 10% 10% 16% 15% 15% 15% 15% 16% 16% 16%
Total 100 % 100 % 100 % 100 % -
# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
Course Designers
Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com | 1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu 1. Mr. Viswanathan B, SRMIST
2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com 2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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Course Course Course ) T/P|C
Code 18ECC104T Name SIGNALS AND SYSTEMS Category c Professional Core 3111012
Pre-requisite Nil Co-requisite 18MAB201T Progressive 18ECC204, 18ECS201T, 18ECE240T, 18ECE241J
Courses Courses Courses
Course Offering Department | Electronics and Communication Engineering  [Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Know about requirements of signal and system analysis in cc ication. 112 112 (34|56 7|89/ 10|11[12][13[14]15
CLR-2: |Understand the analysis of Periodic and Aperiodic Continuous time Signals using Fourier series and transforms 5
CLR-3: |Educate about Continuous time system through Laplace transform and Convolution integral - 5 z s
CLR-4: |Understand the characterization of the Discrete time signals and system through DTFT, Convolution sum == g = {E'; 5) 3
CLR-5: |Understand the concept of Z-Transform for the analysis of DT system HEE S 5|8 £ K 3 8|
CLR-6: Develop expertise in time-domain and frequency domain approaches to the analysis of continuous and discrete systems % g é 2 - BE|E §> ° 2 E ‘E = g % b
*|and also the ability to apply modern computation software tool for the analysis of electrical engineering problems £ é g2 § % 35| % S5 =|E|8 2 %
£l |2 2 £/8|8/8|3|% = |55 3| 2|8q%
Elglg ST || 4 =g s | |2 ||l |s8s
5183 2 5|2 2| 6|la|38|2|8B|85|T £
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: T 8|8 AN -2 2|8 2lg z £ 8 % Slof o
] gl&| 8|23 | H|&H|[2[/8|a|5]82 228
CLO-1: |Understand the various classifications of Signals and Systems 1.165]60 Hi - -|l-1-1-[-1-|-/l-/|-/|-"[-/1-/1-
CLO-2: |Analyze Periodic and Aperiodic Continuous time Signals using Fourier series and Fourier Transform 2 | 65| 60 - | H R e - - - - -
CLO-3: |Analyze and ch ize the Continuous time system through Laplace transform and Convolution integral. 2 | 65|60 H - - -
CLO-4: |Analyze and characterize the Discrete time signals and system through DTFT, Convolution sum 2 | 65|60 Hi{M]| - -l - - E N e R
CLO-5: |Analyze and characterize the Discrete time system using Z transform 2 | 65| 60 Co I 7 R T R R R I B e e R
CLO-6: |Apply the mathematical techniques used for continuous-time signal and discrete-time signal and system analysis 2 | 65|60 Hl-IM| M| -]-]- - -] L -
Analysis of LTI DT
Duration Classification of Signals and Sy Analysis of C Time Signals Analysis of LTI CT System Analysis of DT Signals and Systems na ys.ls ° System
using Z-Transform
(hour)
12 12 12 12 12
SLO-1 |Introduction to signals and systems Introduction to Fourier series System modeling Representation of sequences Z transform - introduction
s Requirements of signal and system Representation of Continuous time Region of convergence of finite duration
SLO-2 o o A Description of differential equations Discrete frequency spectrum and range
analysis in cc on Periodic signals sequenc
SLO-1 |Continuous time signals (CT signals) :‘ouner si-:*n‘e:s’.; Trigonometric Solution of Differential equation gzg{srt;ienme Fourier Transform (DTFT) - Properties of ROC
S-2 - — -
SLO-2 |Discrete time signals (DT signals) :‘Z)Funer sengf.’ Trigonometrio Differential equation: Zero initial conditions | DTFT of standard signals Properties of ROC
SLO-1 ﬁsﬁ r:slz';t/:: of signals: Step, Ramp, Fourier series: Cosine representation Differential equation: Zero state response | Properties of DTFT Properties of Z transform
§3 . - - T Yo
SLO-2 Efg (r)(:seir;;alhon of signals: Sinusoidal, Fourier series: Cosine representation Differential equation: Zero Input response | Properties of DTFT Properties of Z transform
SLO-1 |Basic operation on the signals Symmetry conditions Total Response Inverse DTFT Unilateral z transforms
S-4 - - - -
SLO-2 |Problems on signal operations ZZ‘Z zmes of Continuous time Fourier Step response Practice on IDTFT Properties of z transform
Classification of CT and DT signals: " . . ; §
s SLO-1 Periodic & Aperiodic signals. Practice problems on Fourier series Impulse response Impulse response of a system with DTFT |Bilateral Z transforms
SLO-2 Classrﬂgavtloln of CT and D.T signals: Practice problems on Fourier series Frequency response Frequency response of a system with Properties of z transform
Deterministic & Random signals.
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SLO-1 |Energy signal Gibb’s Phenomenon Convolution integral Practice problems Relation between DTFT and Z transform
S-6
SLO-2 |Power signal Parseval’s relation for power signals Properties of convolution Practice problems Practice problems
SLO-1 |Even & Odd signals Power density spectrum, Practice Problems Splutlon oflmearl constant coefficient condition for causality in Z domain
S.7 difference equations
SLO-2 |Even & Odd signals Frequency spectrum. Practice Problems Initial conditions condition for stability in Z domain
SLO-1 |CT systems and DT systems Fourier transform: Introduction gﬂ?ﬁ)z’;’d system analysis with Laplace Solution of difference equations Inverse Z transform
S-8
SLO-2 |Classification of systems: Static & Dynamic | Representation of Continuous time signals | Convergence of Laplace Transform Zero input response Power series expansion
SLO-1 | Superposition theorem Properties of Continuous time Fourier Properties of Laplace transform Solution of difference equations with Zero Inverse Z transform with Partial fraction
5.9 transform state response
SLO-2 |Linear & Nonlinear system 5;?]’; ?(’:;;s of Continuous time Fourier Properties of Laplace transform Total response Inverse Z transform with Partial fraction
SLO-1 | Time-variant & Time-invariant system Parseval’s relation for energy signals Inverse Laplace transform Evaluation of Impulse response Residue method
$-10
SLO-2 |Time-invariant system Energy density spectrum Problems Evaluation of Step response Convolution method
. Analysis of LTI system using Fourier Analysis and characterization of LTI . " Analysis and characterization of DT system
s-1 SLO-1 |Causal system Transform system using Laplace transform Convolution Properties using Z-transform
SLO-2 [Noncausal system Analysis of LTI system using Fourier Analysis a(id characterization of LTI Convolution Sum Anglysts and characterization of DT system
Transform system using Laplace transform using Z-transform
SLO-1 |Stable & Unstable, LTI System Practice problems on Fourier Transform | Practice problems on Laplace transform | Circular convolution 5;:‘?;;?;’°blems on LTHDT systems in Z
§-12 p -
SLO-2 |Unstable, LTI System Practice problems on Fourier Transform | Practice problems on Laplace transform | Frequency response fr’;csr;g(:";])roblems on LTI-DT systems in Z
1. Alan V Oppenheim, Ronald W. Schafer Signals & Systems, 2" ed., Pearson Education, 2015 5. John G. Proakis, Manolakis, Digital Signal Processing, Principles, Algorithms and Applications, 4 ed.,
Learning 2. P.Ramakrishna Rao, Shankar Prakriya, Signals & Systems, 2" ed., McGraw Hill Education, 2015 Pearson Education, 2007.
Resources 3. Simon Haykin, Barry Van Veen, Signals and Systems, 2" ed., John Wiley & Sons Inc., 2007 6.  Software: Matlab Student Version Release 2011a, Mathworks, Inc. The Matlab Student Version and
4. Lathi B.P, Linear Systems & Signals, 2" ed., Oxford Press, 2009 toolboxes may be purchased through the Mathworks website at http://www.mathworks.com/
Learning A t
B Continuous Learning Assessment (50% weightage) . - o
Levelil?m:km CLA—1 (10%) CLA-2 (15%) CLA- 3 (15%) CLA- 4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Remember o R o ~ o o . 0 N
Level 1 Understand 40% 30% 30% 30% 30%
Apply 9 B 9 B 9 9 9 .
Level 2 Analyze 40% 40% 40% 40 % 40%
Level 3 Euate 20% - 30% - 30% 30% 30% -
reate
Total 100 % 100 % 100 % 100 % 100 %

# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii

mail.com

1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

1. Dr. A. Ruhan Bevi, SRMIST

2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in

2. Dr. D. Malathi, SRMIST
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Course Course Course ) T/P|C
Code 18ECC105T Name ELECTROMAGNETICS AND TRANSMISSION LINES Category C Professional Core 3 0 3
Pre-requisite 18PYB101J Co-requisite il Progressive 18ECC301T
Courses Courses Courses
Course Offering Department | Electronics and Communication Engineering  |Data Book / Codes/Standards Clark’s Table, IS : 456-2000
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: | Gain knowledge on the basic concepts and insights of Electric field 1123 1123|456 |7 |89 10]11/12[13[14]15
CLR-2: Gain knowledge on the basic concepts and insights of Magnetic field and Emphasize the significance of Maxwell's
" |equations. g
CLR-3: |Interpret the wave propagation in guided waveguide. o § RS
CLR-4: |Acquire the fund: tal knowledge on T ion Line Theory. gzl = f_; = 218 |8
CLR-5: |Acquire the knowledge on tral ion line p calculation and imped: matching concepts. 8 e\; < §a 58 % K] 3 2|88
CLR-6: Acquire knowledge on theoretical concepts and analysis techniques to find solutions for problems related to 2135 HINE IR 1N i 85|28 % <
' |electromagnetic wave propagation and Ti ission line Theory. £1g|¢ glele|&|8|5|% Slsl%|E| 2882
£&| % 2| 2|88 |8|3|% |8 5| 8|2|8&g%
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: T 2|8 slgldls|8|8|5|€l2|clS|alglgdg
5188 Glal8l &2 8|G|lmd|2|8|a|5]82 888
CLO-1: |Apply the concepts and knowledge to solve problems related to electric field. 2 |60 60 M{H|-]-1-1-1-1-1-1-1-1-1]1-1]1-18L
CLO-2: |Analyze the concepts of Magnetic field and Maxwell’s equations in the real world application. 2 | 60| 60 H|{M - - - - - - - -l L
CLO-3: |Translate the phenomenon of guided wave propagation and its mode of propagation. 1160 |60 H|{M -] - - - L
CLO-4: |Describe the importance of tr ion line theory applicable to low frequency jon lines. 116060 M| H Co B R e e e e L
CLO-5: |Solve ion line p. and imped: matching through analytical and graphical methods. 2 | 60| 60 M| H R e EEy
. |Demonstrate how electromagnetic waves are generated using Maxwell's equations and how Transmission lines are used to
CLO-6: ) " P . . 2 | 60|60 M| H - R B =L H
transfer electromagnetic energy from one point to another with minimum losses over a wideband of frequencies.
i . " . Electromagnetic Waves and cecinn | Transmission Line Calculator and
D(l:‘ratlc)m Electrostatics and Eq Waveguides Transmission Line Theory Impedance Matching
our,
9 9 9 9
SLO-1 |Introduction Energy density in electrostatic field Introduction Transmission line parameters Introduction
S-1
SLO-2 |Rectangular co-ordinate Problem discussion. Waves in general Transmission line parameters Smith chart Introduction
SLO-1 |Cylindrical & Spherical Co-ordinate f";t slaya:j law-Magnetic field intensity due Plane wave in lossless dielectric Transmission line equivalent circuit Reﬂegﬂon coefficient, Sta,"d”.'g wave ratio
52 o Infinite line charge Input impedance calculation in smith chart
SLO-2 |Review of vector calculus H- due finite and semi finite line charge Plane wave in free space Explanation Practice problems.
SLO-1 |Coulomb’s Law and field intensity ,;_\rgzpceurrer:n?rcmtal lawé application: Infinite Plane wave in good conductor Transmission line equation derivation Single stub matching Introduction
$3 -
SLO-2 |Problem based on coulomb’s law Infinite Sheet current Problems based on plane waves in Problem discussion. Procedure for single stub matching
lossless, free space and good conductor
SLO-1 E{ec?nc f’eld due to continuous charge Infinitely long coaxial Transmission line Rectangular waveguide Transmtss:on line characteristics: lossless Problems solving in smith chart
S-4 distribution-.Concept line
SLO-2 |Derivation of E due Infinite Line charge Problem based on ACL. Rectangular waveguide-Problems Distortionless line. Problems solving in smith chart
$-5 | SLO-1 |Electric field due to sheet charge Magnetic flux density Transverse Electric (TE) mode Input impedance derivation ig‘,’] e;sz:;;match/ng using Quarter wave
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SLO-2 |Problem based on sheet charge Problem based on magnetic field and flux. | Transverse Electric (TE) mode-problems | Problems for input impedance calculation. | Problems.
SLO-1 |Electric field due to volume charge Maxwell’s equation for static field Transverse Electric (TE) mode Standing wave ratio Single stub tuner
S-6
SLO-2 |Electric flux density Faraday’s law Transverse Electric (TE) mode-Problems | Calculation of standing wave ratio. Problem discussion
SLO-1 |Gauss law application-point charge Transformer EMF Wave propagation in guide Reflection coefficient Slotted Line (Impedance Measurement)
§-7
SLO-2 |Electric flux due infinite line charge Motional EMF Problem discussion Problem discussion. Problem discussion
SLO-1 |Electric flux due sheet charge Displacement current. Power Transmission Shorted line, open circuited line Transmission Lines as circuit Elements
S-8
SLO-2 |Electric flux due coaxial cable Maxwell's equation in time varying field Calculation of Pavg and Ptotal Matched line Problem discussion
SLO-1 |Relation between E&V Time varying potential concepts Power attenuation Power calculations Additional smith chart problem solving.
S99
SLO-2 |Electric dipole and flux lines Time varying potential derivation. Calculation of aTE and aTE Problem discussion. Additional smith chart problem solving.
. 1. Matthew N. O. Sadiku., S. V. Kulkarni, Elements of Electromagnetics, 6 ed., Oxford University Press, 2015 » P ‘o g ;
Learning 2 G.S.N. Reju, Electromagnetic Field Theory and Transmission Lines, Pearson Education, 2006 4. William H. Hayt,Jr., John A.lBuck., Eng/neermg Electromagnetics, 8" ed., Tata McGraw-Hill 2012
Resources N 1" L N . " . 5. John D.Ryder, Networks, Lines and Fields, PHI, 2009
3. P yana Rao, Principles of Engineering Electromagnetics, 6t ed., Pearson Education, 2016
Learning A
8 Continuous Learning Assessment (50% weightage) . - I
Lol e CLA—1 (10%) CLA-2 (15%) CLA- 3 (15%) CLA=4 (10%)% Final Examinafion (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% - 30% - 30% - 0% - 30% -
Understand
Apply 9 B 9 B 9 B 9 . 9 .
Level 2 Analyze 40% 40% 40% 40% 40%
Level 3 Evaluale 20% - 30% - 30% - 0% 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers
Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii

mail.com

1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

1. Dr. P. Eswaran, SRMIST

2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com
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Course Course Course ) T/P|C
Code 18ECC201J Name ANALOG ELECTRONIC CIRCUITS Category C Professional Core 3 7 12
Pre-requisite 18ECC102J Co-requisite 18ECC202J Progressive Nil
Courses Courses Courses
Course Offering Department [Electronics and Communication Engineering [Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: | Understand the operation and design of BJT amplifier circuits for a given specification 11213 1123|4567 |89 10]11/12[13[14]15
CLR-2: |Understand the operation and design of MOSFET amplifier circuits for a given specification
CLR-3: Understand the effects of negative feedback on amplifier circuits, and analyze the different RC and LC oscillator circuits g
o ine the frequency of oscillation N g R
CLR-4: |Understand the operation and design of various types of power amplifier circuits. gl sl = f&; E] 2|5 g
CLR5: Understand how hed transistor char are used in the IC design and to be able to design BJT and MOSFET 8 "\; < §a 5|8 § 5 3 2|8 &
" |current sources. 2 g5 2l El€ 8 |z i IR
CLR-6 : | Gain hands-on experience to put theoretical concepts learned in the course to practice. £12|5 g2 § 5 8|3 > Slsls|E8 2 =
£1& 2 2| 2|&8|&8|38|3|% = |5z & 2 |84%
513 3 §lc = g2k AR B
Course Learning Outcomes (CLO): ‘At the end of this course, learners will be able to: 3| 8|8 k) % g7 % s 2 8 E £ § - & o £ o
Sl& |8 Glal8|l 2|23 H|ld|28|8|a|5]82 888
. |Analyze and design bipolar amplifier circuits to meet certain specifications, and to Analyze the frequency response of
CLO-1: e Py . fip . . 4 S 23|70 70 L{M|H|-|-]|- - ER T B B
amplifier circuits, taking into account various circuit capacitors, to determine the bandwidth of the circuit.
CLO-2: Analyze and design MOSFET amplifier circuits to meet certain specifications, and to Analyze the frequency response of 2370 70 IR I T T e e L
* |amplifier circuits, taking into account various circuit capacitors, to determine the bandwidth of the circuit. !
CLO3: L{ndgrstand the chargcterlsllf:§ ar]d principles of feedback amplifier circuits and oscillator circuits to analyze and design 23|70 70 AR YR T R S S R O O A A A
circuits to meet certain specifications.
CLO-4: Analyze three prmqgle classes of power amplifiers, and determine the maximum possible conversion efficiency of each 23| 70| 70 Clmlul o I R e }
type of power amplifier
CLO-5: |Design the basic circuit building blocks that are used in the design of IC amplifiers, namely current mirrors and sources 23|70 |70 LIM|H]| - - - - - -] - -
CLO-6: Analyze and design ana/’og electrpmc circuits using ‘dlscrete c9mponent§, and take measurement of various analog circuits 31980 J N T R Y O R IV O A I VR AT AR
to compare exp results in the laboratory with theoretical analysis.
. BJT Amplifiers FET Amplifiers Feedback amplifies & Oscill Oscillators & Power Amplifiers IC Biasing & Amplifiers with Active Load
Duration (hour)
15 15 15 15 15
SLO-1 |Overview of DC analysis of BJT circuits Overview of FET DC circuit analysis fastc feedback concepts, general Crystal Oscillators BT currer]t sources: Gascode curent
541 feedback structure ;(’)L;rcte, Wldltar current source
. . . " . lulti-transistor current source
SLO-2 |Overview of BJT models Problem solving Properties of negative feedback Problem solving Problem solving
SLO-1 [AC load ine analysis Qraphlcal analysis, load lines, and small- | Feedback Tgpo/ogles: Voltage-Sgnes & Negative-resistance oscillator FET current sources: 2-transistor MOSFET
s-2 signal models Current-Series feedback connections current source
SLO-2 |Problem solving Problem solving Problem solving Problem solving Problem solving
SLO-1 AC analysis of Common-Emitter BJT AC analysis of Common-Source MOSFET |Feedback Topologies: Voltage-Shunt & Power Amplifiers: Definitions and amplifier |FET current sources: Cascode current
s3 amplifier config. using hybrid-m model amplifier configuration Current-Shunt feedback connections types mirror and Wilson current mirror
SLO-2 |Problem solving Problem solving Problem solving Q point placement Problem solving
S | SLO-1 Labl 1 Lea(nmg to design amplifier and Lab 4 DeS{gn & qnalyze differential Lab 7: Design and analyze RC oscillators ~|Lab 10: BJT & FET Current Sources Lab 1 3 De;lgn aqd analyze differential
4-5 | SLO-2 |oscillator circuits amplifier with resistive load amplifier with active load
AC analysis of Common-Base BJT . . I
$-6 | SLO-1 |amplifier configuration using hybrid-m AC apgly sis of Common-Gate MOSFET Practical Feedback Amplifier Circuits Maximum dissipation hyperbola Angly sis of CE BJT amplifier ircuit with
model amplifier configuration active load
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SLO-2 |Problem solving Problem solving Problem solving Heat sink Problem solving
1 |AC analysis of Common-Collector BJT AC analysis of Common-Drain MOSFET . - . - Analysis of CS FET amplifier circuit with
57 SL0- amplifier config. using hybrid-m model amplifier configuration Oscillators: Principles of Oscillaion Class A amplifier active load
SLO-2 |Problem solving Problem solving Types of Oscillators Problem solving Problem solving
1 | Multi-stage amplifier configurations: CE - . o . Audio Frequency Oscillators: RC Phase- y - DC and small-signal analysis of basic BJT
st SLO-1 CE, CE - CC amplifers BIFET amplifier configuration Shift Oscillator Class B and Class AB push-pull amplifiers differential pairs
SLO-2 |Problem solving Problem solving Problem solving Problem solving Problem solving
S | SLO-1 |Lab 2 De§lgn and analyze BJT amplifier  Lab 5: Design g(ld analyze n(legatlve Lab 8: Design and analyze LC oscillators Lab 11 De§lgn apd analyze BJT CE Lab 14: Model Practical Examination
9-10 | SLO-2 |configurations feedback amplifier configurations amplifier with active load
SLO-1 Multi-stage amplifier configurations: CE - | Low Frequency response analysis of a Audio Frequency Oscillators: Wein Bridge Class C amplifiers DC and small-signal analysis of basic FET
S-11 CB, and CC - CC amplifiers basic FET CS amplifier Oscillator P differential pairs
SLO-2 |Problem solving Problem Solving Problem Solving Problem solving Problem solving
1 |Low Frequency response analysis of a High Frequency response analysis of a Radio Frequency Oscillators: Hartley y Analysis of BJT differential amplifier with
12 SLOA | pasic BT CE amplifier basic FET CS amplifier Oscillator Class D and Class E amplifirs active load
SLO-2 |Problem Solving Problem Solving Problem solving Amplifier distortions Problem solving
High Frequency response analysis of a Design problems in MOSFET amplifier Radio Frequency Oscillators: Colpitts & IC Biasing & Ampllﬁgrs with Acllv_e Load: Analysis of FET differential amplifier with
SLO-1 p e > : f BJT current sources: 2- & 3-transistor .
basic BJT CE amplifier configurations Clapp Oscillators active load
S-13 current sources
SLO-2 |Problem Solving Operational voltage levels Problem solving Problem solving Problem solving
S | SLO-1 |Lab 3: Design and analyze multistage Lab 6: Design and analyze MOSFET Lab 9: Classes of power amplifier Lab 12: Design and analyze FET CS Lab 15: End Semester Practical
14-15| SLO-2 |amplifier configurations amplifier configurations (efficiency calculation) amplifier with active load Examination
1. David A. Bell, Electronic Devices and Circuits, 5" ed., Oxford University Press, 2015 ) ) ’ o "
Learning 2. Donald Neamen, Electronic Circuits: Analysis and Design, 3 ed., McGraw-Hill Education, 2011 5. Robert L - Boylestad, Louis Nashelsky, Electronic Devices and Circuit Theory, 111 ed., Pearson
R 3. Muh i Rashid, Microelectronic Circuits: Analysis & Design, 2 ed., Cengage Learning, 2010 6 iﬁujtg'}/’gz’?’i David J. Bates, Electronic Princioles, 8" ed.. Tata McGraw Hill 2015
4. Adel S. Sedra, Kenneth C. Smith, Microelectronic Circuits: Theory and Applications, OUP, 2014 . . ! . ’ ples, " ’
Learning A
8 Continuous Learning Assessment (50% weightage) . - I
Lo CLA—1(10%) CLA-2 (15%) CLA-3 (15%) CLA=4 (10%)F Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
" Level 1 Remember 20% 20% 15% 15% 15% 15% 15% 15% 15% 15%
Understand
Level 2 ﬁgg:zze 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Evaluat
Level 3 e 10% 10% 15% 15% 15% 15% 15% 15% 15% 15%
Total 100 % 100 % 100 % 100 % -
# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
Course Designers
Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com | 1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu 1. Mr. Manikandan AVM, SRMIST
2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com 2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in 2. Dr. M. Sangeetha, SRMIST
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Course Course Course . LIT|P|C
Code 18ECC202J Name LINEAR INTEGRATED CIRCUITS Category C Professional Core RERR
Pre-requisite 18ECC102J Co-requisite 18ECC201J Progressive Nil
Courses Courses Courses
Course Offering Department [Electronics and Communication Engineering [Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: | Study the basic principles, configurations and practical limitations of op-amp 1123 1123|4567 |89 10]11/12[13[14]15
CLR-2: |Understand the various linear and non-linear applications of op-amp 5
CLR-3: |Understand the operation and analysis of op-amp oscillators, single chip oscillators and frequency generators o § RS
CLR-4: |ldentify the active filter types, filter response characteristics, filter p and IC voltage regulators. gl =l = Jg ] 2|5 8
CLR:5 : Gain knowledge on data converter terminology, its performance parameters, and various circuit arrangements for A/D 8 5\; < §a 52 % b ] 2|8 &
" |and D/A conversions. el gl s L, El=|8] ]2 = g B2
CLR-6 : | Gain hands-on experience to put theoretical concepts learned in the course to practice. £lg|s glele|&|8|5|% Sls|l%|E| 282
£1&| 2 2| E/&| 8|33z “|8|s & 2|&4%
ElE|8 glc/ = 4|22 & RIS
g3 3 s 8|l 2|5 s|2|s|S|T|1E
Course Learning Outcomes (CLO): [At the end of this course, learners will be able to: T 8|8 S % 25 8|8 2 8 E £ 2 % S o = o
S| F| 3 Glal8| |23 &|ld|2|8|a|5]82 888
CLO-1: |Infer the DC and AC characteristics of operational amplifiers and its effect on output and their compensation techniques 318070 HIM| - |- -] -|-1-1-|-1-1-1-/1-1]1-
CLO-2: |Elucidate and design the linear and non-linear applications of an opamp and special application ICs 318 |75 -|M|H - - - - - -
CLO-3: |Explain and compare the working of multivibrators using special application IC 555 and general purpose opamp 3175|170 -|M|H -] - -l - -] -
CLO-4: |Classify and comprehend the working principle of data converters and active filters 318580 SIMIH] - - - - -]-1-1-1- -
CLO-5: |lllustrate the function of application specific ICs such as Voltage regulators, PLL and its application in communication 38|75 M| H| - N e e e
CLO-6: Analyze and dgs:gn electronic qrcurts and systems using Iujear ICs, apd take measurement of various analog circuits to 318575 AT T e T e e e TR ]
compare experimental results in the laboratory with theoretical analysis
Duration (hour) 15 15 15 15 15
. Basic op-amp circuits: Inverting & Non- Waveform Generators: Sine-wave Filters: Comparison between Passive and | Digital to Analog Conversion: DAC
SLO-1 |Op-amp symbol, terminals, packages - " . . . o
s inverting voltage amplifiers Generators - Design Active Networks Specifications
SLO-2 |Op-amp-Specifications Voltage follower Implementation & Solving problems Active Network Design Solving problems
SLO-1 |Block diagram Representation of op-amp | Summing, scaling & averaging amplifiers, | Square Wave generators- Design Filter Approximations Weighted Resistor DAC
§-2 -
_» |/deal op-amp & practical op-amp - Open . . . . . .
SLO-2 loop & closed loop configurations AC amplifiers Implementation & Solving problems Design of LPF & Solving problems Solving problems
SLO-1 |DC performance characteristics of op-amp i’gﬁ;jﬁr‘; plications: Instrumentation Triangle wave generators Design of HPF & Solving problems R-2R Ladder DAC
$3 - - -
SLO-2 |Solving Problems g’f;g;é",ﬁ:{amn Ampliers, Solving Saw-tooth Wave generators. Design of BPF& Solving problems Solving problems
S | SLOA1 A Bacin An - ) Lab 7: Waveform generators: using op- Lab 10: Design of LPF, HPF, BPF and .
45 | SLO2 Lab-1:Basic op-amp circuits Lab 4: Comparators amp & 555 Timer Band Reject Filters Lab 13: Flash Type ADC
SLO-1 |AC performance characteristics of op-amp |V-to-I Converters IC 555 Timer: Circuit schematic Design of Band Reject Filters Inverted R-2R Ladder DAC
S-6
SLO-2 |Solving Problems I-to-V converters Operation and its applications Solving problems Monolithic DAC
SLO-1 |Frequency response Differentiators IC 555 Timer: Monostable operation State Variable Filters — All Pass Filters, Analqg to_DlgllaI conversion: ADC
s7 specifications
SLO-2 |Frequency response Integrators Applications & Solving problems Solving problems Solving problems
B.Tech-ECE (BME) SRM Institute of Science & Technology — Academic Curricula (2018 Regulations) 20




SLO-1 |Frequency compensation ggg;{gfrgr Applications: Precision IC 555 Timer: Astable operation Switched Capacitor Filters. Ramp Type ADC
S-8 o
SLO-2 |Frequency compensation ggfpgg”mg Circuits (Clipper and Applications & Solving problems Solving problems Solving problems
S | SLO-1 . p . . L Lab 8: Waveform generators: using op- X Lab 14: Simulation experiments using EDA
910 | SLO2 Lab 2: Integrators and Differentiators Lab 5: Wave shaping circuits amp & 555 Timer Lab 11: IC Voltage regulators tools
SLO-1 |Basic op-amp internal schematic Log and Antilog Amplifiers, PLL: Operation of the Basic PLL Kzgiftgeg ulators: Basics of Voltage Successive Approximation ADC
S-11 P - - o —
SLO-2 |operations of blocks Analpg yoltage multiplier circuit and its Closed loop analyss of PLL Specifications and characteristic Solving problems
applications, parameters
SLO-1 |Basic op-amp internal schematic (Oé)%gjhonal Trans-Conductance Amplifier Voltage Controlled Oscillator Linear Voltage Regulators using Op-amp, |Dual Slope ADC
$-12
SLO-2 |operations of blocks Comparators : operation Solving problems gf e;;tgljrtors (78xx, 79%x, LM 317, LM Flash Type ADC,
SLO-1 |Review of data sheet of an op-amp. Comparators applications PLL applications Switching Regulators -operation Solving problems on Flash Type ADC,
$-13
SLO-2 |Solving Problems Sample and Hold circuit. Solving problems Types Monolithic ADC
S | SLO-1 . . Lab 6: Waveform generators: using op- Lab 9: Design of LPF, HPF, BPF and Band X Lab 15: Simulation experiments using EDA
1415 SL0-p | -ab & Rectifiers amp & 555 Timer Reject Filters Lab 12: R-2R ladder DAC tools
. - . 6. LABORATORY MANUAL, Department of ECE, SRM University
-/ th
1. Ramakant A. Gayakwad, Op-Amps and Linear Integrated Circuils, 4" ed, Prentice Ha, 2000 7. David A Bell, Laboratory Manual for Operational Amplifiers & Linear ICs, 2% ed., D.A. Bell, 2001
2. David A. Bell Operational Amplifiers and Linear ICs, 3¢ ed. OUP, 2013 8. David La Lond, Experiments in Principles of Electronic Devices and Circuits, Delmar Publishers, 1993
Learning 3. Roy Choudhury, Shail Jain, Linear Integrated Circuits, 4" ed., New Age International Publishers, 2014 9' Muhammed HYRashi . Introduction fo PSoice using OrCAD for circuits and électronics 39 e i’earson
Resources 4. Robert F. Coughlin, Frederick F. Driscoll, Operational-Amplifiers and Linear Integrated Circuits, 6" ed., | ™ 2004 i P! 9 § v ’
Prentice Hall, 2001 . . . Lo
5. Sergio Franco, Design with operational amplifier and analog integrated circuits, McGraw Hill, 1997 10. L. K. Maﬁeshwarr, M. M. S. Anand, Laboratory Experiments and PSPICE Simulations in Analog
Electronics, PHI, 2006
Learning A t
, Continuous Learning Assessment (50% weightage) ) - -
Leveli’?‘;’g}:km CLA-1(10%) CLA -2 (15%) CLA -3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Sﬁg‘;ggig 20% 20% 15% 15% 15% 15% 15% 15% 15% 15%
Level 2 :gg:zze 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Level 3 E:;’;‘::‘e 10% 10% 15% 15% 15% 15% 15% 16% 16% 16%
Total 100 % 100 % 100 % 100 % -
# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
Course Designers
Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com | 1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu 1. Mr. Manikandan AVM, SRMIST
2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com 2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in 2. Dr. M. Sangeetha, SRMIST
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Course Course : : : . Course .
Code 18ECC203J Name Microprocessor, Microcontroller and Interfacing Techniques Category (o Professional Core 3 2 | 4
Pre-requisite 18ECC103 Co-requisite il Progressive 18ECE204J, 18ECE205/
Courses Courses Courses
Course Offering Department Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil
Course Learning (CLR): _[The purpose of learning this course is to: [ Learning Program Learning O PLO)
CLR-1: |Understand basic architecture of Intel 8086 microprocessor and Intel 8051 Microcontroller 171213 1123456789 10/11[12[13[14]15
CLR-2: Familiarize the students with the programming and interfacing of microprocessors and microcontrollers with memory and "
" |peripheral chips El
CLR-3: Interface a microprocessor / microcontroller to external input/output devices and perform input/output device £
" |programming in assembly 3 §
CLR4: Use the computer to write and assemble assembly language programs and also run them by downloading them to the = § 5| €
" |target microprocessor glel=s f&; (:?ﬂ . g § 3
. | Understand the hardware and software interrupts and their applications, and as well the properties and interfacing of the sl < § |2 = S 3 |8 &
CLR-5: N alzlz B gl 8|, s = g 5| & |
parallel and serial ports HEAR HIE I IR £ glels ¢
CLR-6: | Provide strong foundation for designing real world applications using microprocessors and microcontrollers. £12|§ cl2|lz|2|3|2|= E 5|5 €13 g_: =
Ele| = el £/8|8/8|3|% = |8z 2 2lalk
533 Elsl=|gle 2|E 3|5|2 gl aa
Course Learning Outcomes (CLO): [At the end of this course, learners will be able to: s| 8|8 S % 2| s % g2 B4 E £ § % dlolo
3|& & Glal 8l &2 |3|6|&H|[2]8|a|5|2[82|8
CLO-1: |Apply a basic concept of digital fund: Is to Microprocessor based personal computer system 116070 S| H| - - Ll -] - - -
CLO-2: |Solve basic binary math operations using the microprocessor. / microcontroller 2 60|70 M| - - - - - - M- -
CLO-3: |Demonstrate programming proficiency using the various addressing modes of the target microprocessor / microcontroller 316070 - | M| H H - - L
CLO-4: |Distinguish and analyze the properties of Microprocessors & Microcontrollers. 116070 - IM] - - -l -l -l H -] -
CLO-5: |lllustrate their practical knowledge through laboratory experiments. 3 60|70 MIM|-1H|-|-]- H| - - H
CLO-6 : |Design, interface and program memory chips and various peripheral chips with microprocessor / microcontroller 316070 -l - IM - H - - -] - -|H|L]|-|M
Learning Unit/ Module 1: . . Learning Unit/ Module 3: Learning Unit/ Module 4: . .
y . Learning Unit/ Module 2: . y . Learning Unit/ Module 5:
Intel 8086 - Architecture, Signals and Programming with Intel 8086 8086 lgferfacmg vf’.th Me:.nory and Intel 80i1 - Archltf,-cture and Interfacing of 8051
Features Prog Devices Prog
Duration (hour) 15 15 15 15 15
SLO-1 In_troductlon: Hl_slory of computers, Block Addressing modes of 8086 Semiconductor memory interfacing In{roducl/on: leferencgs between 8051 parallel ports, and
5.1 diagram of a microcomputer ;mc;opfrocelssofr ;:;d m/crocontroyler -
. . . ; Intel’s family of 8-bit microcontrollers, and |. .
SLO-2 |Intel 80x86 evolutions Dynamic RAM interfacing feature of 8051 microcontroller its programming
SLO-1 |Features of 8086 microprocessor ;Zz;;zgzzzsset of 8086: Data Transfer Programmable Peripheral Interface 8255 |Architecture of 8051 8051 timers, and
S-2 - -
. o Interfacing 8255 with 8086 and p .
SLO-2 |Register organization of 8086 Example programs programming its programming
SLO-1 |Architecture of 8086 ,Data Conversion Instructions, Arithmetic | Inferfacing ADC with 8086 and Signal descriptions of 8051 8051 interrupts, and
53 Instructions programming
SLO-2 Example programs Interfacr'ng‘ DAC with 8086 and its programming
programming
SLO-1 |Lab-1: (a) Learning to Program with
545 8086 processor kit; Learning the Lab-4: General Purpose Programming |Lab-7: Interfacing DAC / ADC with 8086 |Lab-10: Programming timer / counter |Lab-13: Simulation of 8051 using Keil
’ SLO-2 |hardware features of the 8086 in 8086 /8051 in 8086/ 8051 Software
processor kit
S-6 SLO-1 |Instruction queue and pipelining iLf;_Lz;ﬁng::;rucnons and Processor control Stepper Motor interfacing Register set of 8051 8051 serial port, and
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SLO-2 |Segmentation of memory used with 8086 |Example programs Operational features of 8051 its programming
SLO-1 II‘\:%tgggs of generating physical address String instructions Programmable Interval Timer 8254 Memory and /O addressing by 8051 Interfacing program memory with 8086
S-7 - -
SLO-2 |Pin signals of 8086: Common signals Example programs Lf;:%%:;ﬂ with 8086 and Interrupts and Stack of 8051 Interfacing data memory with 8086
SLO-1 |Minimum mode signals Branch Instructions Programmable Interrupt Controller 8259 | Addressing modes of 8051 Igtaegfi/g%ggut devices: push-bution /
S-8 - -
. . Interfacing 8259 with 8086 and
SLO-2 |Maximum mode signals Example programs programming Example programs
SLO-1 |Lab-2: General Purpose Programing in |Lab-5: Simulation of 8086 using MASM |Lab-8: Interfacing DC motor / stepper |Lab-11: Programming interrupts in ., .
S810 5102 |a086 Software / 8086 Emulator motor / servo motor with 8086 /8051 |8086 /8051 Lab-14; Model Practical Exam
g - Assembly Language Prog ing of Prog ble Keyboard / Display 8051 Instruction Set: Arithmetic and Interfacing display devices: LED / 7-
S-11 SLO-1. | Minimum mode 8086 system, and 8086 Controller 8279 Logical Instructions segment / LCD displays
A hi) i il if
SLO-2 |Timings ly Language Prog g of Interfacmgl 6279 with 8066 and Example Programs Example programs
8086 programming
SLO-1 | Maximum mode 8086 system, and Stack structure, and g;%grfjrg:;l#e Communication Inferface Data Transfer Instructions Interfacing DAC
s-12 Interfacing 8251 with 8086 and
SLO-2 |Timings related programming 9 Example Programs Interfacing ADC
programming
SLO-1 Intel }\301;8 Microprocessor: Pins signals Interrupt structure, and DMA Controller 8257 IBoaIear? Variable Instructions and Branch |Interfacing DC motor / stepper motor /
513 and Architecture Instructions servo motor
5L0-2 Differences between 8086 & 8088 related programmin Interfacing 8257 with 8086 and Example Programs Example programs
microprocessors prog 9 programming P g pié prog
SLO-1_|Lab-3: General Purpose Programing in  |Lab-6: Interfacing 8255 with 8086 / Lab-9: General Purpose Programming |Lab-10: Programming serial X
S-14,15 SL02 18086 051 in 8051 ication in 8086 / 8051 Lab-15: End-Semester Exam
1. K. M. Bhurchandi and A. K. Ray, "Advanced Microprocessors and Peripherals-with ARM and | 4. Kenneth.J.Ayala, “8051 Microcontroller Architecture, Programming and Applications”, 3rd edition, Thomson,
an Introduction to Microcontrollers and Interfacing ", Tata McGraw Hill, 3rd edition 2015 2007
Learning 2. Muhammad Ali Mazidi and Janice GillispieMazidi, "The 8051 - Microcontroller and 5. Subrataghoshal “ 8051 Microcontroller Internals Instructions ,Programming And Interfacing”,2nd edition
Resources Embedded systems", 7th Edition, Pearson Education, 2011. Pearson 2010
3. Doughlas.V.Hall, “Microprocessor and Interfacing : Programming and Hardware’, 3rd 6. Yu-cheng Liu, Glenn A.Gibson, “Microcomputer systems: The 8086/8088 family-Architecture,programming and
edition, McGraw Hill, 2015 design”,2nd edition, Prentice Hall of India, 2007
Learning A
, Continuous Learning Assessment (50% weightage) ) - I~
Loverroms CLA—1(10%) CLA-2 (15%) CLA-3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 20% 20% 15% 15% 15% 15% 15% 15% 15% 15%
Understand
Level 2 222:% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Level 3 E‘r’s;‘::te 10% 10% 15% 15% 15% 15% 15% 15% 15% 15%
Total 100 % 100 % 100 % 100 % 100 %

# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com 1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu 1. Mr. Manikandan AVM, SRMIST
2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com 2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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Course Course Course . T/ p/C
Code 18ECC204J Name DIGITAL SIGNAL PROCESSING Category c Professional Core 300 2 4
Pre-requisite Co-requisite ' Progressive
Courses 18ECC104T ‘ Courses Nil Courses 18ECE243J, 18ECE244J, 18ECE245T
Course Offering Department [ Electronics and Communication Engineering [Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: [ Learning Program Learning Out PLO)
CLR-1: |Understand the operations involved in digital conversion of analog signals. 213 1123|4567 |89 10]11/12[13[14]15
CLR2: Realize a digital filter in direct, cascade and parallel forms. H
" |Perform efficient computation of DFT using radix 2 FFT = 5 S
CLR-3: |Design digital FIR filter using windowing technique and frequency sampling methods. sl=l= g 3 g 5) 3
CLR-4: |Design IR filters using both direct method and method involving conversion of analog filter to digital filter 8 E < S 58 £ 'é 8 g &
CLR-5: |Understand sampling rate conversion and apply it for applications like QMF, sub band coding. 5‘; H é % - § = &, % = Slels|= |3
CLR-6: |Utilize the techniques for digital conversions, filter designs and multi rate signal processing to solve real time problems £ €| 5 gl2/2| 2| 3 2= Slel=|5|8&|e =
E|lc | =2 2 2/8/8|8|3|% s | 8| 5|3 |2lag =
18| ST || 4 =g s | e|2 ||l |s8s
2|2 3 < |82 2 S| ,|23 2|85 g
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: T 2|8 Slsl2l s 2|8 2lg z £ 3 % &lof o
Sl& |3 gl&| 8l |23 | H|&H|[2]8|a 5|82 228
CLO-1: |Determine the knowledge of sampling and quantization and understand the errors that arise due to quantization. 118070 H{-|-|l-1-1-[-1-1-1-/1-"/-"01-/1-1-
CLO-2: |Understand the concept of DFT and its efficient computation by using FFT algorithm. 1175]70 - M R e E I R
CLO-3: |Design FIR filters using several methods 3175|170 M H
CLO-4: |Design IIR filters using several methods 317570 - I R N N N N ;]
CLO-5: |Discuss the basics of multirate DSP and its applications. 1170]70 - M - - - -] -
CLO-6: |Apply the concepts of digital filter designs and multi rate signal processing for real time signals 217070 M - - - - -l -l - M -
Learning Unit / Module 1: Learning Unit / Module 2: Learning Unit / Module 3: Learning Unit / Module 4: Learning Unit / Module 5:
Signals and Waveft Freq 'y Transformatic FIR Filters IIR Filters Multirate signal Pr ing
Duration (hour) 15 15 15 15 15
S1L0-1 |Basic Elements of DSP Rea[/za(/on of digital filters Direct form of - |Design of L/ngar Pf!ase FIR filters Design qf digital IIR fitters ] Introduction to Multirate signal processing
realization General consideration Comparison of FIR and IIR filters
S-1 Causality and its implication
SLO-2 |Advantages and applications of DSP Cascade form of realization Characteristics of practical frequency Analog IR filter design Decimation
selective filters
SLO-1 | Continuous Time vs Discrete time signals |Parallel form of realization ;rtee?uency response of symmefic FIR Properties of Butterworth filters Interpolation
s2 Continuous valued vs discrete valued . . Properﬁgs of chebyshev fiters . .
SLO-2 sionals Introduction to DFT Nis odd Comparison of Butterworth and Spectrum of interpolated signal
g chebyshev filters
SLO-1 | Concepts of frequency in analog signals | Computation of DFT zrtzt’;uency response of symmefric FIR Analog IIR filter design fs:crrgl; Il’;'g rate conversion by a rational
S-3 - - P — - P s
SLO-2 C_onlmuous and discrefe time sinusoidal - |Properties of DFT Pe".Od'C”y' linearity Nis even Design of low pass Butterworth filter Anti-aliasing and anti-imaging filters
signals and symmetry properties
SLO-1 Lab 13: Design of digital FIR Low Pass Daci
S-4 Lab 1 :Generation of basic signals Lab 7: Linear convolution and High Pass filter using rectangular If.'latb 19: Design of analog Butterworth Lab 25: Interpolation
SLO-2 window ter
SLO-1 Lab14: Design of digital FIR Band Pass . . . . s
S-5 Lab 2: Unit step, ramp and impulse Lab 8: Circular convolution and Band Stop filter using rectangular L_ab 20: Design of analog Chebyshev |Lab 26: Effect of_mterp olation in
SLO-2 window filter frequency domain
Y _, |Sampling of analog signals Sampling " " Freq 'y response of antisy tric FIR |Analog IIR filter design Polyphase structure of decimator
56 SLO-1 theorem Circular convolution filter Polyphase decimation using z transform
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SLO-2 AlraS(ng ngntlzatlon of continuous Matrix method and concentric circle Nis odd and N is even Design of fow pass Chebyshev fitter Polyphase _structure Qf mte_rpolator
amplitude signals method Polyphase interpolation using z transform
SLO-1 Analog to digital conversion Sample and Efficient Computation of the DFT Design of FIR filters Fourier series Design of digital filters Impulse invariance Advantages of multirate DSP
hold, method method
S-7 . Need for filter design using window . S -
. o " Divide and Conquer Approach to . ; ; y Design of digital filters Bilinear . .
SLO-2 |Quantization and coding Computation of the DFT Using FFT gg;nzszzgn of various windowing transformation Applications of multirate DSP
" N Point DFT Decimation-in-Time FFT . . L . . Design of digital filters Impulse invariance 5 . "
s SLO-1 |Oversampling A/D converters Radix-2 FFT Algorithm Filter Design using windowing technique method Practical Applications of multirate DSP
5L0-2 Digital to analog conversion Sample and |N Point DFT Decimation-in-Frequency Rectangular window Design of digital filters Bilinear interfacing of digital systems with different
hold FFT g transformation sampling rates
SLO-1 . ) Lab 15: Design of digital FIR Low Pass e . )
59 Lab 3: Generation of waveforms Lab9: Aytocorrelatlon and cross and High Pass fiter using Hanning and La{) 21. : Destgq of d(gltal Butterworth filter Lab 27: Decimation
SLO-2 correlation Hamming window using impulse invariance method
SLO-1 Lab 16: Design of digital FIR Band . . ;o ) L
S-10 Lab 4: Ci and di time |Lab10: Spectrum analysis using DFT |Pass and Band Stop filter using L_ab 22 Pes:gr_l of digital Butter?vorth Lab 28: Effect of_dec:matlon in
SLO-2 Hanning and H ing window filter using bilinear transformation frequency domain
. " Radix-2 FFT Algorithm Implementation of |Filter Design using windowing technique . . Practical Applications of multirate DSP
11 SLO-1 |Oversampling D/A converters FFT Using DIT Hanning window Design of digital Chebyshev filters Sub band coding of speech signals
SLO-2 |Quantization noise Implementation of FFT Using DIF Fiter D.esm using windowing technique Impulse invariance method Filter blanl‘(s
Hamming window Analysis filter bank
SLO-1 |Errors due to truncation IDFT Filter Design using windowing technique | Design of digital Chebyshev filters Synthesis filter bank
S-12
SLO-2 |Probability of error Using DIT FFT Blackmann window Bilinear transformation Subband coding filterbank
SLO-1 |Errors due to rounding IDFT Design of FIR filters Z;?;l;ncy fransformation in analog Quadrature Mirror Filter
S-13 .
SLO-2 |Probability of error Using DIF FFT Frequency sampling method Zg?gg;ncy transformation in digitel Alias free filter bank
SLO-1 i . . Lab 17: Design of digital FIR Low Pass,  Paci .
3 . Lab 11: Efficient computation of DFT ] Lab 23: Design of digital Chebyshev Aees PP
S-14 102 Lab 5: Study of sampling theorem using FFT gllg; 5:’:? g;md pass a;itz 3:;d stop filter using impulse invariance method Lab 29: Design of anti-aliasing filter
SLO-1 . Desi i 7 . Desi idi
S-15 Lab 6: Aliasing effects Lab12: Computation of IDFT La{’ 18: Design of d:glta}l FIR filter L_ab 2 D esign of digital Cheby: _shev Lab 30: Design of anti-imaging filter
SLO-2 using frequency sampling method filter using bilinear transformation
) 1. John G. Proakis, Dimitrs G. Manolakis, "Digital Signal Processing, Principles, Algorithms and | 3 . i\ “Digital Signal Processing A Computer Based Approach’, McGraw Hill, india, 4th Edition, 2013,
Learning Applications', Pearson Education, 4th edition, 2014 4 Fredric J. Harris, “Multirate Signal Processing for Communication Systems”, 1st edition, Pearson Education,
Resources 2. Alan V. Oppenheim, Ronald W. Schafer, ‘Discrete-Time Signal Processing”, Pearson . | ’ 9 9 4 ’ ! '

Education, 1st edition, 2015

2007
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Learning A

Continuous Learning Assessment (50% weightage)

, ) - o

Lol e CLA—1 (10%) CLA-2 (15%) CLA- 3 (15%) CLA-4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice

Level 1 Remember 20% 20% 15% 15% 15% 15% 15% 15% 15% 15%
Understand

Level 2 ﬁﬁg:ize 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%

Level 3 (E:‘r’::::‘e 10% 10% 15% 15% 15% 15% 15% 15% 15% 15%
Total 100 % 100 % 100 % 100 % 100 %

# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry Experts from Higher Technical Institutions Internal Experts

1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com 1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu Dr. M.S. Vasanthi, SRMIST

2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com 2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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Course Course Course ) T|P|C
Code 18ECC205J Name ANALOG AND DIGITAL COMMUNICATION Category c Professional Core 3 2 T2
Pre-requisite 18MAB203T Co-requisite Nil Progressive 18ECC301T, 18ECC302J, 18ECE221T & 18ECE223T
Courses Courses Courses
Course Offering Department ECE Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): \ The purpose of learning this course is to: \ Learning Program Learning Outcomes (PLO)
CLRA : Introduce and Understand the need for modulation, various Amplitude modulators/demodulators, frequency modulators 1 vlolalalslel7!8l9l10/11]12113/14]15
and demodulators
. | Comprehend the radio and using the modulators and demodulators and to analyze the noise s
CLR-2: £ | =
performance == - 5|2 |5
CLR-3: |To introduce basics of Digital modulation and detection techniques S ‘i:/ < § 3 o k= g 3
CLR-4: |To analyze the pass band data ission techniques in terms of probability of error o 2|5 ;% IR 5 g 8 % £ &
CLR-5: | To introduce basics of spread spectrum techniques and information theory concepts 2 § H % @ §_ °:‘ S| . % = gl 252 E
CLR-6: | Gain hands-on experience to put theoretical concepts learned in the course to practice. = & g 122|235 2| = Sl E|l= 52|25
Flgl g 2l 2|/3|8|8/S|¢ = | 8|5 2 2lag <
5188 Blel2lgls 2|k T|s|2|g|s|age
Course Learning Outcomes (CLO): ‘At the end of this course, learners will be able to: 2 § é’ S| 8| 8|7 g8 £ é =] £ B dlof o
S & Glal 8|23l &H[2]8|a|l5|2[(239%7
CLO-1: |Understand the concepts of analog modulation and demodulation techniques 2 80|70 M|l -1 -1-1-1-1-|l-]-[H]l-1-1H]-]-
CLO-2: |Learn the function of radio transmitters and receivers and familiarize with noise performance of various receivers 2 18|75 - M| H| - - - - - - H{-|-
CLO-3: |Understand various digital modulation schemes and matched filter receiver 2 175,70 M| - - - - - |- -| -|M|H
CLO-4: |Understand and analyze various digital pass band data ission sch 2 8580 - |- -l - -] - -l -l - M-
CLO-5: |Understanding data ission using spread spectrum and error coding techniques 2 18|75 - - -l - - - - - - | H
CLOS6: Analyze the operation of analog a’nd dlglra/ communication s,ysrems anq take megsurement of various communication 2185 7 JR N N U P A N PN S R IV B VR
systems to compare exf results in the laboratory with theoretical analysis
Analog Modulation Radio Transmitters and Receivers Digital Modulation Sys_tem and Passband Data Transmission Spread Spo:ctrum Techniques and
Baseband Detection Information theory Concepts
Duration
(hour) 15 15 15 15 15
Pulse modulation systems, Overview of Spread spectrum Communications,
SLO-1 |Modulation, Need for Modulation, AM transmitter : Low Level, Y ! Overview of ASK, FSK, PSK Frequency Hopping Spread Spectrum
PAM,PWM,PPM (FHSS)
S-1 —
. . . " . Spread spectrum Communications,
SLO-2 Amplltuqe Modulation, Types of Amplitude AM transmitter : High Level Transmitter Pulse modulafion systems, Overview of Overview of ASK, FSK, PSK Frequency Hopping Spread Spectrum
Modulation PAM,PWM,PPM
(FHSS)
SLO-1 |Double sideband Full carrier FM transmitter: Direct Method Pulse modulafion systems, Sampling and | Generation, Signal Space Diagram and | et equence Spread Spectrum (DSSS)
s-2 quantization i i detectlorj of FSK i
SLO-2 |Double sideband Full carrier FM transmitter: Direct Method Pulse modulation systems, Sampling and - |Generation, Signal Space Diagram and | et Sequence Spread Spectrum (DSSS)
quantization detection of FSK
SLO-1 |Double sideband Suppressed carrier FM transmitter: Indirect Method PCM systems Probability of Error for FSK Direct Sequence Spread Spectrum (DSSS)
S-3 : - —— -
SLO-2 |Single sideband Suppressed carrier, VSB  |FM transmitter: Indirect Method Baan'dt.h of PCM ’ P CM TDM signal Probability of Error for FSK Code Division Mulfple Access of DSSS
multiplexing, Limitations of PCM system
SLO-1 10: .
S Lab-1: AM modulator and Demodulator |Lab-4: Pre emphasis and De-emphasis |Lab-7: DPCM and its Demodulation Lab-10: QP.SK Modulation and Lab-13: Mini Project
45 | 5102 Demodulation
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SLO- Generation of AM waves: Linear method- | Classification of radio receiver, Functions Data formattin Generation, Detection, Signal Space Code Division Multiple Access of DSSS
56 Collector modulator and Characteristics of radio receiver 9 Diagram of PSK
SLO-2 Generation of AM waves: Linear method- Tuned Radio Frequency receiver Data formatting G_eneratlon, Detection, Signal Space OFDM Communication
Collector modulator Diagram of PSK
SLO-1 |Non-linear Modulation-Balanced Modulator | Super-heterodyne receiver- AM Differential PCM (DPCM) Probability of Error for PSK OFDM Communication
S-7 —
SLO-2 |Non-linear Modulation-Balanced Modulator | Super-heterodyne receiver- AM Differential PCM (DPCM) Probability of Error for PSK OFDM Communication
SLO-1 Z)emodulatlon of AM waves : Linear diode Super-heterodyne receiver- FM Delta modulation (DM) Generg tlonf, sgnaK\space diagram and Measures of Information
S8 Detemgrl tion of AM Li diod dGeteCtIotr'] . Q - | di d
_» |Demodulation of AM waves : Linear diode ] . . L eneration, signal space diagram an .
SLO-2 detector Super-heterodyne receiver- FM Delta modulation (DM), Noise in DM detection of QPSK Measures of Information
S SLo-1 Lab-2: DSB-SC  modulator  and|Lab-5: PAM,PPM,PWM modulation and Lab-8: DM and its Demodulation Lab-11: DPSK  Modulation and Lab-14: Model Practical Exam
9-10 SLO-2 demodulator demodulation ) Demodulation .
Source encoding, Shannon’s Channel
SLO-1 |Frequency modulation, Types of FM Sources of Noise Demodulation and detection process Probability of Error for QPSK ity th 9
s11 . N capacity theorem
SLO-2 mﬁ&ﬁnd FM, Wide Band FM, Phase Sources of Noise Demodulation and detection process Probabilty of Error for QPSK Shannon’s Channel capacity theorem
i ikeli i Generation, signal space diagram and| .
SLO-1 |Generation of Narrowband FM Noise in AM (Envelope Detection), Maxn;ludmr:\kehhooq receiver structure, d ion of /49 PSKp 9 Linear block codes
512 atched filter receiver etection of m/4 Q
g ) o . Maximum likelihood receiver structure, Generation, signal space diagram and .
SLO-2 |Generation of Narrowband FM Noise in AM (Envelope Detection), Matched filter receiver detection of /4 QPSK Linear block codes
SLO-1 Bempdylatlon of FM: Foster seely Noise in FM Probbakil!lty <:frror of thE Matched filter, Inter dGener;tlonf, sgr;la\ space diagram and Cyclic codes
s13 \scnmlnatpr i symbol _|!1te ference, Eye pattern_ etectlorj of Q i
SLO-2 Demodulation of FM : Foster seely Threshold effect, Pre-emphasis and De- | Probability error of the Matched filter, Inter |Generation, signal space diagram and Cyclic codes
discriminator emphasis symbol interference, Eye pattern detection of QAM
SLO-1 6 i 9: i 12 s
14?15 102 Lab-3: FM Modulator and Demodulator Il';:lr)ng.du:::ilzz Code Modulation and B::thmix\omatwn and I‘;:: Juzs N? tillfllz?;‘og::;:nalysw of Lab-15: University Practical Exam
1. %”;g" Haykin and Michael Moher, “Communication Systems,” 5th edtion, John Wiley & Sons, | 5 1, & Schiling, “Principle of Communication Systems’, McGraw Hill Inc, 2nd Edition, 2003.
2. Singh. R. P& Sapre. S. D, “Communication Systems: Anialog & Digital,” 3rd edition, McGrawtiii | & 40N G. Proakis, “Digital Communication’, McGraw HilInc, 5th Edition, 2008.
Learning . E dl?cétioﬁ Sever?th Rebriht 2016 Y . g & Uigial, ! 7. B.P. Lathi, “Modern Digital and Analog Communication System”, Oxford University Press, 3rd Edition, 2005.
Resources 3. Simon Haykin, “Communication Systems”, John Wiley & Sons, 4th Edition, 20008. 8. Shu Lin, Daniel Cqs}ello, Error control coding — Fundamentals and Applications”, Prentice Hall, Upper Saddle
. I N . . River, NJ, 2nd Edition, 2004.
4. Bemnard Sklar, “Digital Communication, Fundamentals and Application”, Pearson Education Asia, 9 Lab Manal
2nd Edition, 2001 )
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Learning A

, Continuous Learning Assessment (50% weightage) ) - o
Leveli’;’m:kin CLA—1(10%) CLA -2 (15%) CLA- 3 (15%) CLA—4 (10%)% Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Sﬁdm:r’ggﬁz 20% 20% 15% 15% 15% 15% 15% 15% 15% 15%
Level 2 ﬁgggze 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Level 3 E::::te 10% 10% 15% 15% 15% 15% 15% 15% 15% 15%
Total 100 % 100 % 100 % 100 % -

# CLA — 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com 1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu Mrs. S. Vasanthadev Suryakala, SRMIST
2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com 2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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Course Course " Course : T|PIC
Code 18ECC206J Name VLSI Design Category (o Professional Core 3 2 | 4
Pre-requisite Co-requisite . Progressive
Courses 18ECC103J ‘ Courses ‘ Nil Courses 18ECE301J
Course Offering Department \ Electronics and Communication Engineering \Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Out PLO)
CLR-1: |Use Verilog HDL as a design-entry language for FPGA in electronic design automation of digital circuits 171213 112 (34|56 7|89 10|11]12[13[14]15
CLR-2: |Design, construct and simulate VLS| adders and multipliers.
CLR-3: |Understand MOSFET operation 3
CLR-4: |Implement a given logic function using appropriate logic styles for improved performance = § 5|6
. |Understand the basic processes in IC fabrication, steps in the fabrication of MOS ICs, and as well the layout design = =| =~ 5 3 215 |8
CLRS: | s g8 S = 3 2 £ ® 2188
- = > = =1 () < g — c
. |Use modern engineering tools such as HSPICE / Modelsim / Xilinx to carry out design exp and gain exp 22| 5 el lElZ|s 2 i Sl o| 22
CLR-6: | ~ . p oy o S| E 2le| 8| c|8le|ad £ El2lslz g
with the design and analysis of MOS circuits and systems. £12|5 Sl 2|2 3|2 = Sl sls 512 8|2
= <4 = > | 8 > > | B 3| e B | = e | 5| L c
£l |2 2lz|e|a|8|g| 8 218z d &8lcg<
5| 3|8 gl e(2lg|'e 2|E S|5|Z|8|<|vg®
Course Learning Outcomes (CLO): [At the end of this course, learners will be able to: s| 8|8 S % g 58| %8 2 8 E £ 2|l Jldlofa
5188 Glael8| |23 G|z 2|8|a|l5]82 888
CLO-1: |Design and impl digital circuits using Verilog HDL to simulate and verify the designs. 3185|75 -IlHIH| - |H| - -|-|-[-1-1-1-1-1]-
CLO-2: |Design general VLSI system components, adder cells and multipliers to address the design of datapath subsystem. 38|75 HIH|-|H|-]-]- I e e
CLO-3: |Examine the characteristics of MOS transistors 218070 M| - - -l - - -
CLO-4: |Analyze CMOS inverter and other complex logic gates designed using different logic styles 2 18070 LiL |- -1-1-1-1-1-1-1- -
CLO-5: |Explain how the transistors are built, and understand the physical imple ion of circuits. 218070 L L] - - -] - -
CLO-6 : |Use HSPICE computer analysis program and Verilog HDL for simulation and analysis of MOS circuits and building blocks | 3 | 85 | 75 -IMI{M|-|H|-|-|-|HIM|L|M|-]-|M
Learning Unit/ Module 1: Learning Unit/ Module 2: Learning Unit / Module 3: Learning Unit/ Modu!e 4 . Learning Unit/ Module 5:
" y . . . CMOS Inverter and Circuit Design
Duration (hour) | Introduction to Verilog HDL & Coding Subsystem Design MOS Transistor Styles
15 15 15 15 15

General VLS| System Components:

Generic overview of the MOS device:

CMOS Inverter Characteristics:

Properties of basic materials used in
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SLO-1. |lntroduction to HDL & Veriog HDL Multiplexers MOS transistor symbols gs:;aet:on and properties of stafic CMOS microelectronics: Silicon, Silicon dioxide
MOS structure demonstrating (a)
S accumulation, (b) depletion, and
SLO-2 Ing;)sducllon fo Veriog HDL, modules and Decoders (c) inversion; VTC of static CMOS inverter Polysilicon and Silicon Nitride
P nMOS transistor demonstrating cutoff,
linear, and saturation regions of operation
Basic Processes in Integrated-Circuit
Lexical Conventions: White Space and MOS Transistor under Static . Fabrication: Wafer Formation,
52 sLo-1 Comments, Operators Comparators Conditions: The threshold voltage DC Inverter Calculations Photolithography, Well and Channel
Formation
SLO-2 Numbers, Strings, Identifiers, System priority encoder Resistive operation Symmetrical Inverter Slllgon Dioxide (SiO2), Isolation, Gate
Names, and Keywords Oxide
Verilog Data Types: Nets, Register Gate and Source/Drain Formations,
SLO-1 log ypes:  1eg shift and rotate operations Saturation region Inverter switching characteristics Contacts and Metallization, Passivation,
Variables, Constants Metrology
53 Some Recurring Process Steps:
SLO-2 |Referencing Arrays of Nets or Regs Adders: Standard adder cells Current-voltage characteristics Output capacitance Diffusion and lon Implantation,
Deposition, Etching, Planarization
S-4,5 | SLO-1 |Lab-0: Verilog Operators: Lab-6: Realization of VLSI multipliers - |
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Arithmetic Operators, Bitwise Operators,
Reduction Operators, Logical Operators,
SLO-2 Relational Operators, Shift Operators, Lab-3: Design using FSM and ASM Lab-9: Design and Analysis of CMOS Lab-12: Design and Analysis of 4-input
Conditional Operator, Concatenation charts Inverter using HSPICE Dynamic NAND gate using HSPICE
Operator, Expressions and Operands,
Operator Precedence
Dynamic behavior: MOSFET e .
SLO-1 |Verilog modelling: Gate-level modelling |Ripple Carry Adder (RCA) Capacitances, viz., MOS structure gz‘;;’:]g:ga’::;;z'Z‘;ZZZ:?éSLeakage
S-6 capacitances ! Simplified CMOS Process flow
SLO-2 Real/‘zat[on qf Cpmbinational and Carry Look-Ahead Adder (CLA) Chame/ capacitqnce and Junction (or, Inverter layout
sequential circuits depletion) capacitances
SLO-1 Compilation and simulation of Verilog Carry Select Adder (CSL) Parasitic Re_sistances, viz., Drain_and Power-De(ay Product: Static Power Layo_ut design rules: Well rules,
5.7 code ;S‘Iourcls Rﬁl;tar;;e, tCothag{IfeSIstance gonsumpgon - P tc/;anflst;)r r/ules T .
lon-ideal I-V effects: Mobili namic Power Consumption, Total ontact rules, metal rules, via rules an
SLO-2 |Test bench Carry Save Adder (CSA) Degradation, Velocity Saturatl{)n Pgwer Consumption, PDP other rules
" . Channel Length Modulation, Threshold | CMOS Circuit Design Styles: Static
SLO-1 |Dataflow modelling Carry Skip Adder (CSK) Voltage Effects CMOS logic styles Gate Layouts
S-8 . g Leakage, Temperature Dependence, Lo .
SLO-2 Real/zat{on L,)f Cpmbmatlonal and Carry Bypass Adder (CBA) Geometry Dependence, Subthreshold C.MO.S cirouits, p seudo-nMOS, tristate Stick diagrams
sequential circuits Current circuits, clocked CMOS circuits
SLo-1 Lab-1: Realization of combinational and 5:;-1/2;{((a:)MDC)egng{ZILiiﬁna:Iyssglng
S-9, 10 sequential circuits using gate-level and  |Lab-4: Realization of VLSI adders - | Lab-7: Realization of VLSI multipliers - Il plex gate using Lab-13: Model Practical Examination
SLO-2 dataflow modelin (b) Design and Analysis of Pseudo-NMOS
9 L
gates using HSPICE
Multipliers: Overview of multiplication
(unsigned multiplication, shift/add i ) . . . . |CMOS Process Enhancements:
SLO-1 |Behavioral modelling liplication algorithms, multplication of Zﬁzg'fgg":;g’z%s(‘zgg' Hot carrers, (Dgée\;es’f)’agzgcﬁr‘;is‘{;’éar%s;";g'}b"g‘c Transistors (Multiple Threshold Voltages
S-11 signed numbers, types of multiplier ghtly-Lop g 9 and Oxide Thicknesses, Silicon-on-
architectures) Insulator, High-k Gate Dielectrics, Higher
Realization of Combinational and L . Dynamic CMOS logic styles: Basic Mobility, Plastic Transistors,)
SLO-2 sequential circuits Braun multiplier MOSFET scaling dynamic logic
Short-channel effects: Negative Bias
SLO-1 | Switch-level modelling Baugh-Wooley multiplier Temperature Instability (NBTI), oxide Signal integrity issues in dynamic design |Interconnects
5.2 breakdown
Drain-Induced Barrier Lowering (DIBL),
SLO-2 |Realization of MoS circuits Wallace Tree multiplier Gate-Induced Drain Leakage (GIDL), Signal integrity issues in dynamic design | Circuit elements
Gate Tunnel Current
SLO-1 |Design using FSM Booth multiplier Tutorials Domino Logic Circuits: Differential Beyond conventional CMOS
S-13 Domino logic, multiple-output domino
SLO-2 |Realization of sequential circuits Booth multiplier Tutorials Compound domino, NORA, TSPC Tutorials
SLO-T |} ap-p: (a) Realization of digital circuits Lab-11: () Destgfz and Analy. g of
using behavioral modelin, AND/NAND gate in DCVSL using SPICE Lab-14: End-Semester Practical
S-14, 15 g behav 9 Lab-5: Realization of VLSI adders - Il Lab-8: Realization of RAM & ROM (b) Design and Analysis of Pass- S
SLO-2 |(b) Realization of MOS circuits using Transi d CPL gat . Examination
switch-level mdeling ransistor gates an gates using
HSPICE
9. Jan Rabaey, Anantha Chandrakasan, B Nikolic, “Digital Integrated Circuits: A Design 12.R. Jacob Baker, “CMOS Circuit Design, Layout, and Simulation”, Wiley, (3/e), 2010.
Learning Perspective"‘, Second Edition, Fep 2003, f’reptice Hall of India. ) N » 13.John F'.‘ Uyemurq, “CMOS Logic (;r'rcuit ngign", K{uwer, 2001. )
Resources 10. Weste, Harris, “CMOS VLSI Design: A Circuits and Systems Perspective’, 4th edition, Addision-| 14.S. Palnitkar , Verilog HDL — A Guide to Digital Design and Synthesis, Pearson , 2003
Wesley, 2011. 15.Paul. R.Gray, Robert G. Meyer, “Analysis and Design of Analog Integrated Circuits’, Wiley, (4/e), 2001.
11. Wayne Wolf, “Modern VLSI Design: IP-based Design’, 4th edition, PHI, 2009. 16.M.D.Ciletti, Modeling, Synthesis and Rapid Prototyping with the Verilog HDL, Prentice Hall, 1999
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Learning A

) Continuous Learning Assessment (50% weightage; ) - '
BIoorT] s CLA=1 (10%) CLA-2 (15%) 9 ( (;LA —gS (1g5°)A,) CLA—4 (10%)% Final Examination (50% weightage)

Level of Thinking Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Sﬁdm:r’ggiz 20% 20% 15% 15% 15% 15% 15% 15% 15% 15%
Level 2 ﬁgggze 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Level 3 Soaluate 10% 10% 15% 15% 15% 15% 1% 15% 15% 15%

Total 100 % 100 % 100 % 100 % 100 %
# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com 1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu 1. Mr. Manikandan AVM, SRMIST
2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com 2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in 2. Dr. J. Manjula, SRMIST
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L|T|P
Cg urse 18ECC301T Course Wireless Communication Course Cc Professional Core
ode Name Category 3111014
Pre-requisite 18ECC205J, 18ECC105T Co-requisite Nil Progressive 18ECE220T
Courses Courses Courses
Course Offering Department Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): \ The purpose of learning this course is to: \ Learning Program Learning Outcomes (PLO)
CLR-1: |Understand the el of Wireless Communication and mobile cc ication: 1 3 1123/ 4 5|6 8 19 |10 |11 ]12[13[14]15
CLR-2: |Understand the Mobile Radio Wave Propagation - Large Scale Fading Tlel= IS 5|6
CLR-3: |Analyze how to apply Mobile Radio Wave Propagation - Small Scale Fading S °\~; ‘j:; ‘g § g,, 3
CLR-4: |Study the Capacity and Diversity concepts in wireless communications o 25 k=) 5 2 § § 8 = |5 3
CLR-5: |Acquire the knowledge of Wireless System and Standards 2 § é % ° 5 “CE S|, 2 = gl 25 |= ;
CLR-6: |Understand and design various wireless systems £1812 £l2lel 23 2= 8|5 = | 5|82 | =
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: T\ 8 & Ssl2 =|gl&|g|gls el - | & o £ o
S| &8 S| EI8l s 2 G|&5|H[B[3|25|12828¢
CLO-1: |Acquire the knowledge of Wireless communication and basic cellular concepts 2 |75 | 60 H{-|-]- -l -l IMIM - L
CLO-2: |Understand" the essential Radio wave propagation and mobile channel models 2 |75 | 60 HIHIHIH|-|-]-]- -l -IM|M|-]H
CLO-3: |Familiarize about Various performance analysis of mobile communication system. 2 |75 | 60 H|H|H| - - |- - - H
CLO-4: |Attain the knowledge of Diversity and capacity concepts 2 |75 | 60 HIH|-| - R R e N N H
CLO-5: | Be familiar with the various standards of Mobile Communication Systems 2 |75 | 60 H|-1-]- E B R e R - L
CLO-6 : |Explore the various concepts of wireless communication, its design with respect to fading and link performance 2 |75 | 60 HIHIHIH|{M|-|-]-]-|M|-|M|M|-|H
Duration erelesscg;nr:‘mu:incl::g::: Mobile Large Scale Fading Small Scale Fading Improvement on Link performance Wireless systems and standards
(hour)
12 12 12 12 12
SLO-1 Intro_ductlo_n to wneles_s cc_)mmunlcatlon and Introduction to Radio wave Propagation Introduch_on Small scale multipath ‘ o o
§-1 mobile radio communication propagation Introduction to diversity, equalization and AMPS Voice modulation Process
Classification of wireless communications - " Impulse response model of multipath capacity
SLO-2 Large scale and small scale fading
simplex, half duplex, dull duplex channel
SLO-1 |Paging and Cordless systems Impulse response model of mulipath Space diversity
52 Friis transmission equation- Free space  |channel GSM system architecture and s interfaces
$LO-2 |Cellular telephone systems propagation model - pathloss model Small scale multipath measurements - Scanning diversity b Y
Direct Pulse measurement
SLO-1 |Timing diagram - landline to mobile SF”?’” scale multipath measurements - Maximal ratio combiner
Sliding correlator measurement ~
3 Two Ray model Small scale multipath measurements - GSM frame structure
SLO-2 |Timing diagram - mobile to mobile P Equal gain diversity
Swept frequency measurement
SLO-1 E:::cﬂzﬁenna parameters, Farfeld and Simplified pathloss model Parameters of mobile multipath channels -
S-4 Time di ! h idth Rake Receiver GSM speech operations input - output
SLO-2 Freqqency reuse, sectored and omni- Emperical mode! - Okumara ime dispersion and Coherent bandwidtl
directional antennas
SLO-1 |Channel assignment strategies Emperical model - Hata model Parameters of mobile multipath channels -
S5 $L0-2 |Handoffand s types Emgelrical model - Walfish and bertoni Doppler spread and Coherent time Capacity in AWGN Forward CDMA process
mode
SLO-1 ing: i i
S-6 Interference and system capacity Piecewise linear model - log normal model Typesl of fad!ng. Flat and Frequency Capacity of lat fading channels Reverse CDMA Process
SLO-2 selective fading
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SLO-1 Shadowin ing:
S7 Trunking and Grade of Service - 9 - Typesl of fad!ng. Flatand Frequency Equalizer and its mode Multicarrier modulation
SLO-2 Combined pathloss and shadowing selective fading
SLO-1 |Cell splitting ' - . . ) ) . )
S-8 Y Outage Probabilty Types of fading: Fast and Slow fading Adaptive equalizer block diagram OFDM Transmitter Block diagram
SLO-1 ) _ ; ] ; )
S-9 sL02 Sectoring Cell Coverage Area Types of fading: Fast and Slow fading Types of Equalizers - elementary level only |OFDM Receiver Block diagram
SLO-1 |mi
S-10 SL02 Microcell zone concepts Solving problems — Brewster angle Ricean distribution Introduction to MIMO antennas Importance of Cyclic Prefix
SLO-1 ) i, - "
S-11 SL02 Umbrella cells Solving problems —empirical model Rayleigh distribution Introduction to MIMO antennas Case study - Modern antennas
SLO-1 i — fii ssi ; in Diversi
S-12 Solving Problems Solving problems - friis transmission Solving problems — Doppler effect Case study :Recent rends in Diversity and Case study - Modern antennas
SLO-2 formula MIMO antennas
1. Rappaport.T.S., "Wireless Communications: Principles and Practice”, 2 Edition, Pearson, 2011. P L, ) Lo
“ A o Andrea Goldsmith, Commu ons’, Cambridge Ul ity Press, Aug 2005
Learning 2 JMochgrngﬁ;;;sz’osgna/d J Marhefka, Ahmed S Khan *Antenna and Wave Propagation’ 4th Edition, Tata Schiller, "Mobile Communications", Pearson Education Asia Ltd., Reprint 2012
Resources 3. Constantine Balanis. A, “Antenna Theory: Analysis and Design’, 3rd Edition, John Wiley, 2012. 222 gjﬂ, . gl\gzéb//e Communications Engineering: Theory and Applications", McGraw Hill, New York,
4. Andreas.F.Molisch., "Wireless Communications”, Wiley, 2" Edition-2005, Reprint-2014 !
Learning A t
, Continuous Learning Assessment (50% weightage) ) - 0
Level‘?)'?m:km CLA-1(10%) CLA -2 (15%) CLA -3 (15%) CLA -4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Remember o } o } o } o } o :
Level 1 Understand 40 % 30 % 30 % 30 % 30%
Level 2 Apply 0% - 0% - 0% : 0% - 0% .
Analyze
Level 3 Evaluale 20% . 0% - 0% - 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %
# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii

mail.com

1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

1. Dr. Sandeep Kumar P, SRMIST

2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in

2. Dr. T. Ramarao, SRMIST
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Course Course " " _— Course . LIT|P|C
Code 18ECC302J Name Microwave & Optical Communications Category Cc Professional Core 3 > 2
Pre-requisite 18ECC205J Co-requisite Nil Progressive 18ECE226T & 18ECE323T
Courses Courses Courses
Course Offering Department ‘ Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): \The purpose of learning this course is to: Learning Program Learning O (PLO)
CLR-1: |ldentify Microwave active devices and Microwave generators 1123 112 (3|4 |56 |7 /|8|9/ 1|1 [12][13|14|15
CLR-2: |Analyze Microwave passive devices e = | =
CLR-3: |Explore Microwave Measurements EIR|IE 5 =) £ g
CLR4: Analyze Optical Fibers Optical Sources, Amplifier and Transmitter Optical Detectors , Receiver and Performance i § s H 8 g £ g _|g é
' |Measurements o| 8| E . E €| g ] i 5| o|E (2|
CLR-5: |Explore Optical Communication System Design and Concepts %8 22 &5|2|5|% Els|5|€13 8|
£ 2 2la |22 2 s|@d5 | ©
CLR-6: |Analyze Microwave and optical components = % é E 8 8188 |% S| 8|5 3 |2dayg<
5 &2 E|2| g || 2| E S|S|2|2|z§sgs
| 8|8 218 2|82/ 2|8 B EE3|ad080
Course Learning Out (CLO): \At the end of this course, learners will be able to: EIR AR g8l 2|8 |g|lgl2|3|&|2|25829¢2
CLO-1: |Acquire knowledge on the theory of microwave transmission, microwave generators and associated components. 218070 H|{-|-|L|-|-|-]|-]-|-]1-|-]-/|-]684
CLO-2: |Analyse microwave passive devices and components. 218070 H|{M|H| H - . -l L M
CLO-3: |Understand microwave measurements and associated techniques with equipment 2 (80|70 HI{M H| M| -|-]|-]- - - M H
CLO-4: |Familiarize with the fundamentals of light transmission through fiber 218070 HIH | - M| -] -|-|--1-1-1]-1]L L
CLO-5: |Design a basic optical communication system. 218070 HIH!I-THT-T-T-1T-T-1T-7T-1-1Twm M
CLO6: g;:rzrstand the working principle of microwave components , Microwave measurements, optical sources, detector and 218070 [V I 770 T U A O N R R ' H
Duration
(hour) 15 15 15 15 15
SLO-1 | |ntroduction to microwaves and opti High frequency parameters: S parameters ) A .
y ptical : . ) " . . _— Point-to-Point link ~Analog system design
S 5L0-2 |communications gggi cSe matrix analysis for N-port microwave | Impedance matching. Elements of Optical fiber communication considerations and design steps
SLO-1 |History of Microwave Engineering, . . . Do .
S22 Microwave transmission and Applications; |Directional coupler VSWR and Impedance measurement Functlongl block diagram of a Transmitter Pmng o qut link D'g,'tal system design
SLO-2 " and receiver module considerations and design steps
Maxwell Equations
SLO-1 |Microwave Tubes Optical fiber structure, Light Propagation in
§-3 — E and H plane Tee Measurement of Power Optical fibers: Ray theory , Total Internal | Digital Link Design: Link power budget
SLO-2 |Klystron amplifier reflection, Skew rays
SLO-1 . . ‘e Lab- 10 Measurement of Numerical Lab- 13 Design of basic Optical
S-4-5 Lab- 1 Characteristics of Reflex h?)l:n“arizl:naand radiation pattern of Lab- 7 Practice session Aperture, propagation and bending Ci ication system using
SLO-2 Klystron losses of optical fiber p tool
SLO-1 Optical Sources: Light source materials,
S-6 sLoz |efe Klystron oscillators Magic Tee Measurement of Frequency and Q factor LED Structures Rise time budget
SLO-1 : ) ) ) o ) ) ) )
S-7 SL02 Magnetron oscillators Microwave Circulators, Isolators Insertion loss measurements LED Characteristics Overview of Analog links: Radio over Fiber;
SLO-1 |Microwave Bipolar Transistors ’ ) Semiconductor Laser Diode, Laser )
S-8 SL0-2 |Field effect transistor Attenuators and Phase Shifters Attenuation measurements Characteristics Key link parameters
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o | SLO-1 |Lab- 2 Study of power distribution in Lab- 5 Characteristics of filters, . -
59 Directional coupler, E plane, H plane Microstrip patch antenna and parallel Lab-8 I?C characteristics of LED and Lab- 11 Analysis of Analog optical link |Lab- 14 Practice Session
10 | sLO-2 . " Laser diode
and Magic Tee line coupler
SLO-1 i : Multichannel System: Need for multiplexin
S-11 IMPATT, TRAPATT and Tunnel diode Rectangular Waveguides Measurement of Scattering parameters Optical Detectors: PIN and APD photo " 'y - plexing
SLO-2 detector Operational principles of WDM, DWDM
SLO-1 - i
$-12 Gunn diode Rectangular Waveguides Measurement of Scattering parameters Responsivity and efficiency of APD \WOM CvomponentsA Coupler/Spliter, Fabry
SLO-2 Perot Filter
SLO-1 Functioning details of Vector Network -
S-13 Gunn Oscillation modes Power Dividers Analyzer; Signal Analyzer; Spectrum Fiber attenuation and dispersion WDM Components: Optical MEMS
SLO-2 analyzers switches
_14.| SLO-1 Ao . . . . - Lab- 15 Study experiment - Gunn Diode
S-14 Lab- 3 np by Lab: §.DeS|g.n of RF Fllter_s and Lab-9DC ch_arac(erlstlcs of PIN and Lab- 12 Analysis of Digital optical link | (Microwave) and Optical WDMA
15 | sLO-2 [slotted line method Amplifier using computational tool APD photo-diode (Optical)
1. David M. Pozar, “Microwave Engineering”, 4th Edition, John Wiley & Sons, 2012. 8.  Vivekanand Mishra, Sunita P. Ugale, “Fiber Optic Communication: Systems and Components”, Wiley-India,
2. David M. Pozar, “Microwave & RF Design of Wireless Systems”, John Wiley & Sons, 2001. 1st edition, 2013
3. Samuel Y. Liao, “Microwave Devices and Circuits”, 3rd Edition, Pearson Education, 2013. 9.  Djafar.K. Mynbaev and Lowell and Scheiner, “Fiber Optic Communication Technology”, Pearson Education
Learnin 4. Robert. E. Collin, “Foundations for Microwave Engineering”, 2nd edition, Wiley, Reprint 2014. Asia, 9th impression, 2013
Resourges 5. Annapurna Das, Sisir K. Das, “Microwave Engineering”, 3rd Ed., McGraw Hill, 2015. 10.  John M. Senior, “ Optical fiber Communications: Principles and Practice”, Pearson Education, 3rd Edition,
6. |. Hunter, “Theory and design of microwave filters”, The Institution of Engineering &Technology, 2009
2001. 11. R.P. Khare, “Fiber Optics and Optoelectronics”, Oxford University Press, 2007.
7. Keiser G, “Optical Fiber Communication Systems”, 5th Edition, 6th Reprint, McGraw Hill 12. 12. Rajiv Ramaswami, Kumar N. Sivaranjan, Galen H.Sasaki "Optical Networks A practical perspective”,
Education (India), 2015. 3nd edition, 2013
Learning A
} Continuous Leaming Assessment (50% weightage) ) - I
Lo poms CLA—1(10%) CLA-2 (15%) CLA-3 (15%) CLA—4 (10%)F Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 20% 20% 15% 15% 15% 1% 15% 15% 15%
Understand
Level 2 Apply 20% 20% 20% 20% 20% 20% 20% 20% 20%
Analyze
Level 3 (E:‘r’:;‘::'e 10% 10% 15% 15% 15% 15% 15% 15% 15%
Total 100 % 100 % 100 % 100 % 100 %
# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
Course Designers
Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com | 1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu 1. Dr. P. Sandeep Kumar, SRMIST
2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com 2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in 2. Dr. T. Ramarao, SRMIST
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T|P|C
Course 18ECC303J Course Computer Communication Networks Course Cc Professional Core
Code Name Category 30| 2|4
Pre-requisite 18CSS101J Co-requisite Nil Progressive 18ECE320T
Courses Courses Courses
Course Offering Department Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): \ The purpose of learning this course is to: \ Learning Program Learning Outcomes (PLO)
CLR-1: |Introduce the basic concepts in the field of computer networks. 1 3 112 4 151|6 8 19|10 [11[12[13 1415
CLR-2: |Understand the functional aspects of OSI model architecture. lel= IS 5|6
CLR-3: |Acquire knowledge of the Network Layer protocols S °\~; < B H s | S
CLR-4: |Analyze the various issues and challenges of Transport Layer. o 25 k=) 5|2 § § 8 = |5 3
CLR-5: |Familiarize the various Application Layer Protocols. 2 § é % ° g “é, S|, 2 = gl 25 |= ;
CLR-6: | Utilize the networking concepts to analyze the performance of Routing protocols. = £ g g/ 2|22 3 g s 3 & w | g § =
Flolz 2|2|8|8/8|3|§ = | 5|5 S cEkg %
S % g S £ | s | = | = £ =] g | = 2 |T Hq 32
= k] s| 2| E|=Z| 5 3| 28|l 8% g
Course Learning Outcomes (CLO): [At the end of this course, learners will be able to: 2 § ‘é’. ) % 2l 8|8 2 8 = £ -2 % sdEo | o
S48 a Glal8l &2 8|G|lm@|2|8|a|5|85888
CLO-1: |Express the basic services and concepts related to internetworking. 116065 -l -l M- -
CLO-2: |Explain the basic OSI mode! architecture and its lower layer functions. 1160]65 - IM| - - - L] - -l -1-1-1-1H
CLO-3: |lllustrate the various Network Layer concepts, mechanisms and protocols. 2 | 65|65 H M| - - - -
CLO-4: |Describe the services and techniques of Transport Layer. 1160]65 N e M| - -] -]-1- H
CLO-5: |Discuss the various services and protocols in Application Layer. 1160 |65 sl - IMl - - - -l -l -l -]H
CLO-6 : |Analyze the various Networking concepts and Routing protocols. 2 | 60| 65 -l -l -] -l -d-l-1-1-1-IMl-]1-]H
Duration D & 051 LOWER LAYERS NETWORK LAYER TRANSPORT LAYER APPLICATION LAYER
(hour)
15 15 15 15 15
SLO-1 mﬁ;ﬁ:; to Data Communication and Network models Introduction to Network Layer Introduction to Transport Layer Introduction to Application Layer
S-1 -
SLO-2 5:;2[:;1?;?{ modes-Serial and Parallel 0S| layer architecture Need for Internetworking TCP/IP Model Application Layer Paradigms
s2 SLO-1 |Protocols & Standards Data Link Layer-Introduction Addressing-Classful User Datagram Protocol(UDP) Client Server Interaction
SLO-2 |Layered Architecture Link Layer Addressing Addressing-Classful User Datagram Protocol(UDP) Client Server Interaction
SLO-1 |Principles of Layering & Description Error Detection Addressing-Classless Transmission Control Protocol(TCP) SIP
S3 i inti i
SLO-2 Brief description of concepisin OSI & Error Detection Addressing-Classless Transmission Control Protocol(TCP) SIP
TCP/IP model
SLO-1 . i s " .
S tz:)wtrloo?;gt‘ril%::zt;?\lr:?c?ezlusr Lab 4: To simulate token ring protocol | Lab 7:To simulate CSMA/CA protocol | Lab 10: Implementation and study of t:fwinﬁﬁzts:m‘iﬁ;’;z {aT;I(i!Pe&nl;gz file
4-5 | 5L0-2 point-to-point links. and to study its performance. and to study its performance Selective Repeat protocol. transfer between them.
Switching Types- Circuit- & Packet ! . . .
SLO-1 switching Error Correction Network Layer Protocol-IPV4 TCP Services & Features Compression Techniques
S-6 o i
SLO-2 Swnchmg Types- I_Vles_sage switching, Error Correction Internet Protocol(IP)-IPV4 TCP Services & Features Compression Techniques
Comparison of switching types
§-7 | SLO-1 |LAN, MAN & WAN Data link control-LLC Internet Protocol(IP)-IPV6 Congestion Control Introduction to Cryptography
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SLO-2 |LAN, MAN & WAN Data link control-LLC Internet Protocol(IP)-IPV6 Congestion Control Types, Attacks and Services
SLO-1 |Network topologies-Types Data link control-MAC gggng Protocols- Distance Vector Link Congestion Control DES
S-8 0 - -
SLO-2 |Comparison of topologies Data link control-MAC Egﬂzgg Issues-Delivery, Forwarding and Congestion Control DES
S | SLO-1 |Lab 2: To simulate star and bus network |Lab 5: Implementation of Error Lab 8: Implementation and study of Lab 11: To configure a network using |Lab 14: Implementation of Data
9-10 | sLO-2 |topologies. detection and Correction scheme. stop and wait protocols Link State Routing protocol . Encryption and Decryption.
S11 SLO-1 |IEEE standards for LAN-Ethernet Flow & Error Control Protocol Routing Information Protocol-RIP QOS-Quality of Service RSA
SLO-2 |Types of Ethernet Flow & Error Control Protocol Routing Information Protocol-RIP QOS-Quality of Service RSA
12 SLO-1 |Token Bus ARQ Schemes Open Shortest Path First-OSPF Techniques to improve QOS Email
SLO-2 |Token Ring ARQ Schemes Open Shortest Path First-OSPF Techniques to improve QOS FTP
o13 SLO-1 |FDDI HDLC Border Gateway Protocol-BGP Techniques to improve QOS HTTP
SLO-2 |FDDI HDLC Border Gateway Protocol-BGP Techniques to improve QOS SNMP
s | SLO1 | [ab 3: To simulate token bus protocol | Lab 6:To simulate CSMA/CD protocol ‘L):‘c’kg;jmr':)’ :les;ltatmn and study of Go Lab 12: To configure a network using Lab 15 Mini Project
14-15| gL0-2 | and to study its performance. and to study its performance P . Distance Vector Routing protocol. . d
r - - - - B 3. William Stallings, “Data & Computer Communication”, Pearson Education India, 10 Edition, 2014.
- th
Learning - ggmouz AFehrouzan, “Data communication & Networking’, Me-Graw Hill, 5% Edition Reprint, 4. James F. Kurose, Keith W. Ross, “Computer Networking: A Top-Down Approach Featuring the Internet”,
Resources . “ » ; o e Pearson Education,6™ Edition, 2013.
2. Andrew S.Tanenbaum, “Computer Networks”, Pearson Education India, 5t Edition, 2013. 5. “Lab Manual’, Department of ECE, SRM Institute of Science and Technology
Learning A
, Continuous Learning Assessment (50% weightage) ) - P
Lo poms CLA—1(10%) CLA-2 (15%) CLA-3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 20% 20% 15% 15% 15% 15% 15% 15% 15% 15%
Understand
Level 2 :ﬁg:ize 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Level 3 (E:‘r’:;‘::'e 10% 10% 15% 15% 15% 15% 15% 15% 15% 15%
Total 100 % 100 % 100 % 100 % 100 %
# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
Course Designers
Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com | 1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu 1. Ms. T. Ramya, SRMIST
2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com 2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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Course Course | [ Course ) LIT[P]C
Code 18ECC350T Name COMPREHENSION | Category ‘ C ‘ Professional Core 0 1 0 1
Pre-requisite NIL Co-requisite NIL Progressive Courses |NIL
Courses Courses
Course Offering Department [Electronics and Communication Engineering [Data Book / Codes/Standards [Nil
(Cgfs_e Leaming Rationale ‘The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Acquire skills to solve real world problems in Analog and Digital Electronics (Discrete & IC) 11213 11213 /4[5[6]7(8]9/[10/11/12/13[14115
CLR-2 : |Acquire skills to solve real world problems in Analog and Digital Co ication
CLR-3: |Acquire skills to solve real world problems in Signals & Systems, and DSP | 5 %
CLR-4 : | Acquire skills to solve real world problems in Microprocessors & Microcontrollers, and VLS| Design 5 BAES -3 =8 e £ 2
CLR-5 : |Acquire skills to solve real world problems in Electro ics and Tr ission Lines a|Z|§ é &g E i 5o
CLR-6 : |Acquire skills to solve real world problems in Microwave and Optical Communications 2 § £ E i3 § 5| 8 g z 85| £
£le|8 s 3 23|32 Clg|s|g
Elslsl (2121251898 21822
i 5|28 818l 8ls|>|s 22z 87|
Coursg Leaming Outcomes At the end of this course, learners will be able to: | 8|8 £12|8/2/s|3|2|8|BEIBI2|slold
(CLO): 3|88 29|18 2|8|8|2|s|8|3|9 |2 a|la|a
— W wulalo </ S|n|lw|ld|/E|lojla|lS|ala
CLO-1: | Practice and gain confidence and competence to solve problems in Analog and Digital Electronics (Discrete & IC) 318580 HIHIHIL|L|L|L|L|L|L|L|L|{M|LM
CLO-2 : | Practice and gain confidence and competence to solve problems in Analog and Digital Communication 318580 HIHM LIL|L|L|L|L|L|L|L|{M|MM
CLO-3 : | Practice and gain confidence and comy to solve problems in Signals & Systems, and DSP 3185|80 HIHM|L|L|L|L|L|L|L|L|L|M|LM
CLO-4 : | Practice and gain confidence and competence to solve problems in Microprocessors & Microcontrollers, and VLSI Design 318580 HIHM LIL|L|L|L|L|L|L|L|M|MM
CLO-5: | Practice and gain confidence and competence to solve problems in Electromagnetics and Ti ission Lines 3185/80 HIHIH|L|L|L|L|L|L|L|L|LIM|LM
CLO-6 : | Practice and gain confidence and competence to solve problems in Microwave and Optical Cc ions 3 18580 HIHIM L]L|L|L|L|L|L|L|LIM|MM
Duration (hour) 3 3 3 3 3
S-1 SLO-1 Tutorial on Analog Electronics (Discrete & Tutorial on Digital Communication zl-iut:e%’aacli;; Microprocessors & Tutorial on Transmission Lines Tutorial on Optical Communication
SLO-2 |Problem Solving Problem Solving Problem Solving Problem Solving Problem Solving
S2 SLO-1 |Tutorial on Digital Electronics Tutorial on Signals and Systems Zr-ll;:;;’aacli:g Microcontrollers & Tutorial on VLSI Design Model Test
SLO-2 |Problem Solving Problem Solving Problem Solving Problem Solving Model Test
53 SLO-1 | Tutorial on Analog Ci Tutorial on Digital Signal Pr ing | Tutorial on Electr Tutorial on Mi Ci Final Test
SLO-2 |Problem Solving Problem Solving Problem Solving Problem Solving Final Test
Learning 1. R.S.Khurmi, J.K.Gupta, Mechanical Engineering: Conventional and Objective Types, S.Chand & Co., 2. RK.Jain, Conventional & Objective Type Question & Answers on Mechanical Engineering for Competitions,
Resources 2018 Khanna Publishers, 2014
Learning Assessment
) Continuous Learning Assessment (50% weightage) ) - o
Love ooms CLA—1 (10%) CLA-2 (15%) CLA- 3 (15%) CLA—4 (10%)% Final Examinafion (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember - 40% - 30% - 30% - 30% - 30%
Understand
Apply 0 0 0 0 0
Level 2 Analyze - 40% - 40% - 40% - 40% - 40%
Level 3 Evalugte - 20% . 30% - 30% . 30% - 30%
reate
Total 100 % 100 % 100 % 100 % 100 %
# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
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Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com

1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

Mr. Manikandan AVM, SRMIST

2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

2.Dr.\ Sr. Scientist, NIOT, Chennai, venkat@niot.res.in

Dr. V. Nithya, SRMIST
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T|P|C
Course | yorcpogoy | Course BIOMEDICAL INSTRUMENTATION Course | ¢ Professional Elective
Code Name Category 2101213
Pre-requisite Co-requisite § Progressive |,
Courses 18£CC201J Courses Ni Courses Nil
Course Offering Department EIECITO',"CS, anq Cqmmurycatlon {:‘ngulreermg with Data Book / Codes/Standards Nil
specialization in Biomedical Engineering
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Measure and interpret various physiological p 1 112 4 15|67 [8]9[10[11]12[13/14]15
CLR-2: |Utilize the working of different monitoring equipment’s = £d E
CLR-3: |Utilize the principle and working of different equipment’s available for hemodynamic measurements glel= g 3 . T8 &
CLR-4: |Utilize the principle and working of different types of pulmonary function analyzers RS % S 5|2 £ g 8 £3 2 %
CLR-5: |Utilize the principle and working of clinical laboratory equipment’s % g 2 % » g “(‘ S ® (‘% e gl e 3 "; = £
CLR-6: | The learner gains knowledge in application of various diagnostic medical devices and issues related to device safety £ s S 2|23z 3| 5|%| 5|5 £5835¢9
£l |2 2| 2|8/8|8|3 |3 2|8 5|3|8=825¢
Elgls AR AN s|c| 2| =22 o
5| 8|8 3 c | @ 25| ,| 3| 2| §|l«gy |
Course Learning Outcomes (CLO): ‘Al the end of this course, learners will be able to: - AN -2 g8 £l z £ 8 % ofd g
51 & |8 sl 8l &2 3|&§l&H[2/8|al5[R=8 g
CLO-1: |Describe the origin of bio potential and its measurements using different type of electrodes 3180 |75 Ml -l -1-1-1-1-1l-]-[-[-/-|M]-]-
. |lllustrate working principle of cardiac function monitors and devices used for measurement of parameters such as blood - Eo I R - - - -
CLO-2: . 3180|70 M M
pressure, blood flow, heart rate, cardiac output and blood oxygen content
CLO-3: |Analyze the components and working principle of pulmonary function measuring devices and patient monitoring systems 3175|770 M| - -l -l -l - M -
CLO-4: |Interpret the working principle of different clinical laboratory equipment 3180|75 M| - -] -1-1-|-1-[-]-1]1-|-|M[-]-
CLO-5: |Predict various electrical hazards and implement safety methods while using biomedical equipment 3180 |70 SIM - - - e eI M- -
CLO-6: |S ize the working principles of different diagnostic instruments available for measuring the physiological variables 3180 |70 MIM| -] -]-]-]-]- -l -l - M -
i . . . . . . Pulmonary Function Measurements and Bioanalytical Equipments and Patient
D(l:\ratu;n Biopotential Electrodes Bio Signals Recording Cardiac Function Measurements Patient Monitoring System Safety
our,
12 12 12 12 12
SLO-1 Cell structure and its functions, Electrical conduction system of the heart, |Haemodynamic pressure, Measurement of Mechanism of respiration Types of blood cells
Physiological systems of the body Cardiac cycle blood pressure: direct methods P
s Indirect methods: Oscillometric method,
SLO0-2 Cardiovascular system ECG: origin, waveforms, characteristics,  |Auscultatory method, Rheographic Pulmonary function measurements, Calculation of cell size
Respiratory system, Nervous system Einthoven triangle Lead configurations method, Ultrasonic method for blood Respiratory volumes and capacities
pressure measurement
Basic Medical Instrumentation system, Electrocardiograph, 12 lead ECG machine Biood flow measurement: Electromagnetio Spirometry: Basic spirometer, wedge Blood cell counters —Microscopic method,
SLO-1 . . " ; blood flow meters, Sine and square wave " Lo " "
Sources of Biomedical Signals block diagram, biood flowmeter spirometer, Ultrasonic spirometer Automatic optical method
S-2 - - - P
Res"’?g and Action p otent]al, Nernstv Common mode and interference reduction | Ultrasonic blood flow meter: Doppler shift Preumotachometers: tu;bme type | Electrical conductivity based method,
SLO-2 |equation, Goldman equation, Hodgkin- o Y Pneumotachometer, Fleisch-type & Venturi ! "
circuits principle, Pulsed Doppler blood flowmeter Coulter counter, Automatic recognition
Huxley model type Pneumotachometers
S | SLO-1 |Lab1: Language of Anatomy, Overview of |Lab4: Recording and analysis of ECG Lab7: Recording and analysis of heart Lab10: Pulmonary function measurement g
C Lo N Lab13: Mini project
3-4 | SLO-2 |organ system signal sounds and analysis using spirometer
. . . Measurement of gas volume: Flow-Volume | . . .
SLO-1 Recordmg Electrodes: Elec;rode fissue Cardiac arrhythmias NMR blood flow meter curve, Area of the flow volume, Nitrogen Differential counting of Ce.”s’
interface, Metal electrolyte interface . Spectrophotometer Colorimeters
S5 wash out technique
. Characteristics and origin of heart sound, Electro spirometer Flame photometers, Selective ion
SLO-2 |Electrolyte skin interface Phonocardiography Laser Doppler blood flowmeter electrodes, ion analyser
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Polarization: polarizable and non- EEG : origin, waveforms and their Cardiac output measuring techniques: dye
SLO-1 |polarizable electrodes, Skin contact characteristics, 10-20 electrode placement |dilution method, Indicator dilution, thermal | Pulmonary function analyzers Patient safety: Electric shock hazards
56 impedance system dilution method
Surface Elecirodes: Silver-Silver chloride Measurement of cardiac output from aortic Gross shock and effects of electric current
SLO-2 |electrodes, Floating and pre-gelled Block diagram and working of EEG P Impedance pneumography
pressure waveform on human body
electrodes , Pasteless electrodes
SLO-1 X . . Lab8: Measurement of blood pressure . .
S Lab2: Study of different types of electrodes L?b& Recording and analysis of EEG using Sphygmomanometer/LabVIEW Lab11: Mea§uremg nt of Heartrate using Lab14: Mini project
7-8 | SLO-2 signal ] ; LabVIEW Biomedical workbench
Biomedical workbench
SLO-1 |Air jet electrodes, Micro Electrodes Other Blomed/ca/ recorders: Impedance technique and bioreactance  |Respiratory gas ana/y;ers: Infrared gas Micro current shock
Vectorcardiograph method analyser, Paramagnetic oxygen analyser
59 SLO-2 Neede Electrodes, lon sensitive field effect Apexcardiograph Ultrasound method and CO2 rebreathing TQ:Z?;??%Z% arga%ie(;n/t;gen Ventricular fibrillation- electrophysiolo
transistors, Transcutaneous electrodes P grap method gnalysery ! grap ¥g physiology
g . . . Recording and analysis of EMG signal, Oximeters- Invitro, Invivo oximetry and Heart rate measurement, Monitoring of p
SLO-1 |Biochemical electrodes: pH Biofeedh on types of oxi foetal heart rate Leakage current and its types
S-10 1 " M o . P Measurement of respiration rate: . .
SLO-2 |Biochemical electrodes: pO2, pCO2 GSR of BSR, of gi’gﬁvl monitoring & Bedside monitoring displacement method, thermistor method, sgfgtau;fgls:e’;d safety codes, Electrical
¥ C02 method, Apnoea detector Y analy
S |sto- Lab3: Design of bio amplifier Lgbﬁ.‘ Recording and analysis of EMG Lap9.' Re;ordmg a.nd‘ana/y sis of signals Lab12: Mini project Lab15: Model Practical Exam
11-12| SLO-2 signal using patient monitoring system
Ilizas:‘:r‘cges 1. R.S. Khandpur, Handbook of Biomedical instrumentation, 3 ed., Tata McGraw Hill, 2014 2. John G. Webster, Medical Instrumentation application and design, 4 ed., Wiley, 2015
Learning A
, Continuous Learning Assessment (50% weightage) ) - P
Lot roms CLA—1(10%) CLA-2 (15%) CLA-3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 20% 20% 15% 15% 15% 15% 15% 15% 15% 15%
Understand
Level 2 ﬁg’a’:gze 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Evaluate
Level 3 Croate 10% 10% 15% 15% 15% 15% 15% 15% 15% 15%
Total 100 % 100 % 100 % 100 % -

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com

1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu

1. Dr. A K. Jayanthy, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii

mail.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

2. Dr. T. Jayanthi, SRMIST

. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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T|P|C
Course | yopcpopry | Course MEDICAL IMAGING TECHNIQUES Course | ¢ Professional Elective
Code Name Category 3/0|0/|3
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department Elect_rm_‘ucg an(_i C(_)mmur_ncat/on Eng!r_!eerlng with Data Book / Codes/Standards Nil
specialization in Biomedical Engineering
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Utilize the physics behind x ray imaging and Computed tomography 1 112 4 5|6 |7 8|9 1011|1213 /1415
CLR-2: |Utilize the hardware and techniques involved in nuclear imaging = g E
CLR-3: |Utilize the properties and techniques in ultrasound imaging glels g é . ‘g £8 &
CLR-4: | Utilize the physics behind magnetic resonance and techniques in resonance imaging R %f; §’ 52 & § 8 £2 2 5 %
CLR-5: |Utilize the_principle behind modern imaging techniques 215l e 51283 = £ 2895 |5%
CLR-6: |Utilize the imaging techniques for various applications £ €5 1 2|l2|2/3 2| 2|5 % | E5 £5¢8¢
£ &| % 2 2|8/ 8|/8|3|% s | 8| 5| 3|89 8253
Z18|3 S Z | = s | = | = | E s|c| 2| ol J2gE]
. . 5153 81§ s/2 g|lzs 2| 2|3|8|s898¢
Course Learning Outcomes (CLO): [At the end of this course, learners will be able to: T 8|8 55|88 8% 8 2 E|S 2989598
A R Glal8| &2 38|H|lm|2|3|a|5|REQ=8 ¢
CLO-1: |Analyze the physics behind x ray imaging and Computed tomography 3180|75 M| - -]-1-1-]-1-[-/]-]1-/-]L]-1L
CLO-2: |lllustrate the hardware and techniques involved in nuclear imaging 3180|70 L] - o I e R - |- L]- L
CLO-3: |Describe the properties and techniques in ultrasound imaging 3175|770 L - - - - | L L
CLO-4: |Analyze the physics behind magnetic resonance and techniques in resonance imaging 3180|75 M| - E e e e e B e e L
CLO-5: |ldentify the principle behind modern imaging techniques 318070 M| - S -l - - - - - - L -] L
CLO-6: |Apply the imaging modality for interpretation 3180 |70 M| - RN - -l L L
Duration X-ray and Computed Tomography Nuclear Imaging Ultrasound Imaging Nuclear Magnetic Resonance Imaging Modern optical imaging
(hour) 9 9 9 9 9
SLO-1 ;roiug{;on of x:ray - Basic principle and its Nuzlgarl gedlcmg ~ Radio isotopes in Diagnostic ultrasound Principles of NMR imaging system Spectroscopy — Introduction
S vo/? lagram ol o medical diagnosis
o |Voltage Generators , Collimators and Grids . S . . . .
SLO-2  Automatic Exposure Control Physics of radioactivity Physics of ultrasound Free induction decay Types of light sources
Visualization of x rays — X ray film and o e . . . . .
2 SLO-1 processing, Fluorescent screen Radiation detectors — lonization chamber | Generation and detection of ultrasound NMR signal - Spin echo Optical filters — Types
$LO-2 |Image intensifier Scintillation dglectors , Semiconductor frequgncy, active element diameter and T1 and T2 relaxation Need for fiters
detectors, Solid state detectors focusing
SLO-1 |Computed radiography - CR imaging Pulse height analyser Basic pulse echo apparatus Pulse sequence Monochromators - Prism
$-3
SLO-2 |CR image manipulation Uptake monitoring system System description Repetition time, Echo time Grating monochromators
SLO-1 |Digital radiography Rectilinear scanner A scan - Introduction f/g g,ﬁ%o Contrast Weighting - T1 Optical fibers — Need
S-4 en - -
SLO-2 |Flat panel detector Radioisotope rectilinear scanner Applications of A scan ;iivgvﬁt’g{gmg » Spin proton density Various configurations using optical fibers
SLO-1 Mammography — Automatic exposure Gamma camera M Mode principle Loca{lzahon MR signal -Magnetic field Polarizers - Introduction
S5 control i i gradients
SLO-2 |Mammography equipment’s Multi crystal gamma camera gﬁ%d’ag{am of an echocardiograph Slice select gradients Types of polarisers
§-6 | SLO-1 |CT - Principle of CT imaging Emission computed tomography- Principle |B scanner - Introduction Frequency encode gradient Fractional Flow Reserve — procedure
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Measurement , Interpretation of results ,

SLO-2 |Beers law, Hounsfield unit Principle of PET and SPECT scanner Types of B scanner Phase encoded gradient Advantages
SLO-1 |CT scan — Tomographic acquisition SPECT system description Multi element array scanners 2D image acquisition Microwave imaging — Need
§-7 -
SLO-2 |Generations of CT Various detector configurations f:::;g’al array scanner and phased array Echo planar image acquisition Applications of microwave imaging
SLO-1 g;tectors " $cmtlllahon orystal and PET system description Mode(n I imaging systems - block diagram MRI scanner components Optical coherence imaging — Introduction
58 otomultiplier description
SLO-2 |Xenon, scintillarc Gantry and detector modules Frame grabbers , Digital scan converters | Artifacts Types — Time domain and Fourier domain
SLO-1 |Data acquisition and Image reconstruction |Dual modality imaging — SPECT/CT Doppler ultrasound Functional MRI Thermal imaging in medicine
$9
SLO-2 |Filtered back projection and artifacts PET/CT Intravascular ultrasound techniques MR spectroscopy IR detectors , Block diagram of IR imaging
Learnin 1. Khandpur R.S, Hand-book of Biomedical Instrumentation, 2@ ed., Tata McGraw Hill, 2003 | 3. William R. hendee, E, Russell Ritenour Medical imaging physics, 4th ed., 2002
Resourcges 2. Leslie Cromwell, Fred J. Weibell, Erich A. Pfeiffer, Biomedical Instrumentation and 4. Wolfgang Drexler James G. Fijimoto, Optical coherence tomography technology and applications, 1st ed., Springer,
2008

Measurements, 2 ed., Prentice-Hall of India, 1997

Learning Assessment

, Continuous Learning Assessment (50% weightage) ) - -
Level‘i’;’m:km CLA—1(10%) CLA -2 (15%) CLA- 3 (15%) CLA—4 (10%)% Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Sﬁdm:r:;gﬁ[j 30% - 30% - 30% - 0% - 30% -
Level 2 Apply 0% . 0% . 0% . 0% 0% -
Analyze
Level 3 Evaluate 30% . 30% . 0% - 30% - 30% .
Create
Total 100 % 100 % 100 % 100 % 100 %
# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com

1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu

1. Dr. S. P. Angeline Kirubha, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com

. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in

2. Dr. P. Vinupritha, SRMIST
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T|P|C
Course | yopcpppor | Course BIOMATERIALS AND ARTIFICIAL ORGANS Course | ¢ Professional Elective
Code Name Category 310|013
Pre-requisite |, Co-requisite . Progressive |, .
Courses Ni ‘ Courses Nl Courses Nil
Course Offering Department Elect(oqlcg anq Cqmmur‘vlcatlon Eng/qeermg with Data Book / Codes/Standards Nil
specialization in Biomedical Engineering
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |ldentify the phenomena c ing b biomaterials and surrounding tissue in living organism 112 112 4151|686 8 |9 10|11 |12[13[14]15
CLR-2: |Acquire the skills on different classes of bic ials with its degradation process. = £4d
CLR-3: |ldentify the suitable bic for cardiovascular and orthopedic applications. glels § 3 . 598
CLR-4: |Acquire skills to handle different bic ials for dental, eye and ear applications R "g §’ IR § § 8 £2 H
CLR-5: |Proficiency to have an insight on the regulatory approval procedure for artificial organs % § 2 % @ §. 0:‘ S ® é £ gle A : S
CLR-6 : | Acquire the skills on suitable burn dressings and skin substitutes €12 |5 < % g g S| 2| Sl 5|=s|& 5 g5 K
s 2| Z | & 3| 3| % Tl =  8|89%3=+
E1%)3 Elz|S|5|8|S|E 2182 2|8c8dzs
5| 2 e 8| 5|g|2|€|z2|5| 4|3 8|6 |<888s¢
Course Learning Outcomes (CLO): ‘At the end of this course, learners will be able to: | 8|8 5|38 % sl8| 5|2 £ Slalgggsgd
S & |8 Glal8|&|2|3|§|H5|28|3|a|5|[REQ=0¢
CLO-1: |Analyze biocompatibility and testing of biomaterials 3180|75 M| - -1 -1-1-1-1-1-1-1-/|-/L{-]-
CLO-2: |ldentify relations between structure and properties of various biomaterials 318070 M| - I - - L -
CLO-3: | Select materials with suitable properties in cardiovascular and orthopedic devices 3175|70 M - - -l -] - L
CLO-4: |Identify biomaterials in dental, vision and auditory devices 3180|75 M| - o D B R B R e e L
CLO-5: |Analyze materials for artificial skin and drug delivery applications 3180|70 M| -] -]- M| - - - -
CLO-6 : |Analyze the regulatory process for different artificial organs comprising codes, reliability, and device testing 3180|70 M - O I B B R - L
Duration Properties of biomaterials Metals and ceramics Biomaterials fo_r cardlf)va_scular and Biomaterials fo_r eye, ear & dental Blomaterlals_ for amflc_lal §k|n and drug
(hour) orthopedic applications applications delivery applications
our,
9 9 9 9 9
SLO-1 | The nature of matter and materials Metals: Basic Principles Substitute Heart Valves Dental mplants fo support dental Burﬂ Dresglngs anq Skin Subsfitufes:
S j T prosth(_eSIs Artificial skin, Soft tissue replacement
SLO-2 |Mechanical properties of biomaterials Stainless lSteeI, T""””””.’ and Co-lCr a/lgy s Heart Valve Function and Dysfunction Adhesives and Sea/gnts fo enhance bond Sutures and Alternatives to Suture
Metallurgical and Chemical Considerations strength and durability
Y . . . . y . . . Ophthalmologic Applications: Overview of |Drug Delivery Systems: Principles, Origins,
2 SLO-1 |Physiochemical properties of biomaterials |Mechanical properties Heart Valve Replacement and Repair Eye Anatomy Evolution of Controlled Drug Delivery
Biomaterial characterization — Analytical . . Mechanical and Tissue Valve Replacement|Contact Lenses -General Properties and . -
SLO-2 |, Corrosion behavior - " . Liposomes, Polymeric micelles
instruments Devices: Types and Complications Corneal Requirements
y . . . Applications of Stainless steel, titanium, Contact Lens Materials - Polymeric and Albuminated Drug
s SLO-1 |Cells: Function and response to Injury Co-Cr alloys Trans catheter Valve Replacement Surface Modifications Nanoparticles, Dendrimers
SLO-2 Tl§sues, (he Extracgllular Matrix, and Cell- Vvanousvother typesl of metals with its Engineered Heart Valves Specialty Lenses - ) Injected Depot DDS
Biomaterial Interactions biomedical applications Contact Lens Solutions
SLO-1 Hos‘t Rfei?tlon to biomaterials and their Polymers: Basic principle (Angioplasty and Stents giézzzzg:‘gens Implants (IOLS): Scientific ;rnnspelftgts and Inserts, Infusion Pumps,
-4 sL0-2 Inflammation, Wound healing, and the Polyacrylate, Polyamide and Polyolefins: Vascular Grafts Optics of the Eye and Cataracts Smart DDS, Environmentally
foreign body response Properties of biomaterials Emerging Functional Variations of IOLS  |Response systems
L e . . " . . Transdermal DDS, Passive and Active
SLO-1 | Systemic toxicity and hypersensitivity Applications of polymeric biomaterials Stent Grafts Biomaterials for IOLS Transdermal Delivery Systems
5 In Vitro assays to assess cell and tissue | Various other types of metals with its Oral drug delivery — Controlled release in
SLO-2 py ibility in bi ial/medical device |biomedical applications Engineered Vascular Grafts IOLS with Variations of Optical Function the Gl tract
Y g . Ceramics: Basic Principles, Bioactive Cardiovascular Devices: Pacemakers and Regulatory Overview for Medical Products
§-6 | SLO-1 |Evaluation for regulatory purposes Glasses and Glass-Ceramics leds (For Cardiac Arthythmias) Corneal Inlays and Onlays Using Biomaterial
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Global Regulatory Strategy -
Design Control and Risk Analysis
Caloium Phosphate Ceramics. Natural and Synthetic Biomaterials in the Cornea - Biocompatibility Assessment for
Application-Specific In Vitro assays ’ P . v Cardiac Assist and Replacement Devices | Optical Requirements Biomaterials in Medical Devices -
SLO-2 " > ’ Synthetic Hydroxyapatites, Alumina: ) o . :
considered in proof of concept testing . : . (For Heart Failure) - Biological Requirements Manufacturing Controls and Post Market
Synthesis of ceramic materials .
- Permeable Intracorneal Lenses Oversight
4 |Future challenges in In Vitro Assessment . . p . . . Impermeable Intracorneal Lenses - Premarket Clearance, Premarket Approval
o7 SLO-1 of cell and fissue compatibilty Mechanical Properties and Porosity Miscellaneous Cardiovascular Devices Synthetic Materials for Corneal Onlays (PMA)
SLO-2 Selectlon of In Vivo tests according to Stability and Biocompatibilty Implantable Cardiac Assist Devices and Glaucoma Drains and Implants C/mlpal and Animal Trials of Unapproved
intended use IABPs Devices
Biomaterial and Device perspectives in In o o . Ventricular Assist Device and Blood- Retinal Prostheses and concerned . . .
st SLO-1 Vivo testing Applications of ceramics biomaterials Contacting Materials biomaterials Sterilization, Shelf-Life, and Aging
Specific biological properties assessed by | Various other types of metals with its Orthopedic applications: Total hip Cochlear Prostheses — Ethical Issues in Biomaterials and Medical
SLO-2 . ) ’ i ’ ’ o ) ;
In Vivo tests biomedical applications replacement Overview of the Auditory System Devices: Protection of Patients
g ’ . ) Degradation of metallic and polymeric Cochlear Prostheses - Good Laboratory, Manufacturing and
SLO-1 |Selection of animal models for In Vivo tests biomaterials Knee replacement Materials and Electrode Arrays Clinical Practice
5.9 The role of biomaterials in stimulating
5L0-2 Future Perspectives on In Vivo medical Degradation of ceramic biomaterials Miscellaneous orthopedic Devices bioelectrodes- Protection of Research Subjects -
device testing g P Active chemical processes and Conflicts of Interest
Passive chemical processes
Learning 1. David Williams., Essential biomaterials science, 15t ed., Cambridge University Press, 2014 3. Buddy Ratner, Allan Hoffman, Frederick Schoen, Jack Lemons., Biomaterials Science - An
Resources 2. Lysaght M, Webster T J., Biomaterials for artificial organs, 1t ed., Woodhead Publishing Limited, 2011 Introduction to Materials in Medicine, 3 ed., Academic Press, 2012
Learning A
8 Continuous Learning Assessment (50% weightage) . - -
Lol e CLA=1 (10%) CLA-2 (15%) CLA- 3 (15%) CLA=4 (10%)% Final Examinafion (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 30% - 30% - 30% 30% - 30% -
Understand
Apply P B 9 B P 9 B 9 B
Level 2 Analyze 40% 40% 40% 40 % 40%
Level 3 Evaluate 30% - 30% - 30% 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %
# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
Course Designers
Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com 1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu 1. Mr. P. Muthu, SRMIST
2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com 2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu |2. Mr. S. Gnanavel, SRMIST
. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com 3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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T|P|C
Course | yorcppgar | Course BIOSENSORS Course | ¢ Professional Elective
Code Name Category 310|013
Pre-requisite |, Co-requisite . Progressive |, .
Courses Ni ‘ Courses Nl Courses Nil
Course Offering Department Electfoqlcg anq Cqmmur‘vlcatlon Englqeermg with Data Book / Codes/Standards Nil
specialization in Biomedical Engineering
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Utilize the various concepts and terminologies of measurement system 112 112 4151|686 8 |9 10|11 |12[13[14]15
CLR-2: |Utilize the working principles of transducers = £4d
CLR-3: |Analyze the physiology of human sensory systems gl =l = § 3 . 598
CLR-4: | Utilize the working principles of biological sensors R S 28 £ k- 3 £2¢
CLR-5: |Analyze the medical applications of biosensors 2lg|¢e % ol| & 18 .| 2 = 5 2875
CLR-6: |Leamn the modem sensors for medical diagnosis €12 |5 g2 2 3z S| 2| Sls|5|E|8 g5 &
ABAE: 2| s = S| 2| §|gEgsE]
Elslsl (Elzs|S 8|S |3/E|2 g|fg0des
5| S| 8 21 6| 2| s|2|5| 4|23 2|38 5|88 8s¢
Course Learning Outcomes (CLO): ‘At the end of this course, learners will be able to: | 8|8 5|38 % sl8| 5|2 £ S 2|9E959¢
S|4 d slael8lg|2|8|G|lm|2|8|&|5|8El=L¢
CLO-1: |ldentify the concepts of measurements and the errors associated with measurement 3180|75 M| - -1 -1-1-1-1-1-1-1]1-]|-|M[-]-
CLO-2: |Analyze the working principles of transducers 318070 M| -] -]- - - - - - - -
CLO-3: |Evaluate the physiological functions of human sensory systems 3175|70 - - - S M- -
CLO-4: |Analyze the principles of various sensors used in medical diagnosis 3180 |75 M- -1-1-1-|l-|l-]-[-]1-1-|M
CLO-5: |Describe the various modern biosensors used in medical diagnosis 3180 |70 M| - - - M| -
CLO-6 : |Implement the modern technologies in biosensors 3180 |70 Ml -1 -1-1-1-1-|l-]1-[-]1-1-|M]-]-
Duration | Fund Is of system Transducers Biological sensors Biosensors Fiber optic sensors
(hour) 9 9 9 9 9
SLO-1 Functional ofan 1O | Classification of transducers Stud}./ of biological Sensors in the human Biosensors - Introduction Fiber optic sensors: Introduction
S 's:ystetm / - god(}j/. m;ztj)ro;)al m(ichamsm —
. unctional el of an inst tation | A, o tudy of biological sensors in the human . _ . y . X .
SLO-2 system Cl n of transducers body: neuronal mechanism Biosensors - Introduction Fiber optic sensors: Introduction
SLO-1 |Static characteristics Characteristics for selection of transducers |pacinian - functions components of Biosensors Fiber optic biosensors: Introduction
S22
SLO-2 |Static characteristics Characteristics for selection of transducers | pacinian - functions components of Biosensors Working and principle
. . . . L . Optical biosensors for measurement of
s SLO-1 |Static characteristics Resistive transducers: RTD Chemoreceptor Classification of biosensors blood glucose level
SLO-2 |Static characteristics Thermistor Chemoreceptor Classification of biosensors Optical biosensors for measurement of
blood glucose level
SLO-1 |Dynamic characteristics Resistive transducers: Strain gauge hot and cold receptors Biocatalysts based biosensor Smart sensor: Introduction
S-4
SLO-2 |Dynamic characteristics Resistive transducers: Strain gauge hot and cold receptors Biocatalysts based biosensor Working
SLO-1 |Errors in measurements: sources of errors glezoelec?rlc effect transducer: baro receptors Enzyme immobilisation Applications of smart sensor
S5 onstruction
SLO-2 |Errors in measurements: sources of errors | Working baro receptors Enzyme immobilisation Applications of smart sensor
§-6 | SLO-1 |Errors in measurements: types of errors  |Hall effect transducer: Construction sensors for smell Glucose Biosensor Lab on a chip- Introduction, Need
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Glucose Biosensor

Block diagram

SLO-2 |Errors in measurements: types of errors | Working sensors for smell
SLO-1 |Statistical analysis of data Capacitive transducers sensors for sound bio affinity based biosensor Applications
s7 SLO-2 |Statistical analysis of data Construction and Working sensors for sound bio affinity based biosensor Advantages and Disadvantages
SLO-1 ff::g:rrj:" intenational standards, primary Inductive transducers sensors for vision microorganism based biosensors eNose: Construction
s8 SLO-2 2?;:;;3612/ standards and working Construction and Working sensors for vision microorganism based biosensors Working
SLO-1 |Calibration methodologies Photomultiplier tube Sensors for osmolality and taste Advantages and limitations of Biosensor | Applications of eNose
59 SLO-2 |Calibration methodologies Construction and Working Sensors for osmolality and taste Advantages and limitations of Biosensor | Applications of eNose
Learning . g‘;';v:g:{ ’é, :(é%gc(zg)riet;n;g(’e:trical and electronic measurements and instrumentation, 8% ed., 3 AD. I_-Ielfrick, W.D. COOpgr, Modern ele_ctronic instrumentation and measurement
Resources 2. Patranabis D, “ensors an’d N » gnd ed., Prentice Hall of India, 2004 techniques, 4th ed., Prentice Hall of India, 1998.

Learning Assessment
, Continuous Learning Assessment (50% weightage) ) - -
Level‘i’;’m:km CLA—1(10%) CLA -2 (15%) CLA- 3 (15%) CLA—4 (10%)% Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Sﬁdm;::ﬁ; 30% - 30% - 30% - 0% - 30% -
Level 2 Aoy 0% . 0% . 0% . 0% 0% -
nalyze
Level 3 Evaluate 30% . 30% . 0% - 30% - 30% .
Create
Total 100 % 100 % 100 % 100 % 100 %
# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com

1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu

1. Dr. D. Kathirvelu, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, A

labad, kumaranuj.anii@gmail.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

2. Mr. V. KarthikRaj, SRMIST

. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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T|P|C
Course | yorcEppyr | Course DIAGNOSTIC AND THERAPEUTIC EQUIPMENT Course | ¢ Professional Elective
Code Name Category 3/0|0/|3
Pre-requisite |, Co-requisite . Progressive |, .
Courses Ni ‘ Courses Nl Courses Nil
Course Offering Department E’e”’."”,”“, anq Cqmmurflcatlon Englrlleermg with Data Book / Codes/Standards Nil
specialization in Biomedical Engineering
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: | Gain thorough knowledge about the working principle of coronary care equipments 1123 2 ,/3|4|5]6 819 [10[11[12[13 1415
CLR-2: |Understand the functioning and uses of different surgical equipments £
CLR3: Gain knowledge about the different components and working principle of respiratory care equipments and Bone mineral . = £d 3
* | density measuring techniques gl =l = ° 3 B Tgs8 |2
CLR-4: |Comprehend about the different components and working principle of sensory diagnosis and therapeutic equipments RS % S 5|2 £ g 8 £3 2 g
CLR-5: |Understand the functioning of different types of physiotherapy and HEAR HIE- IR - TRy = 5| 2895 |52
CLR-6: |Understand the functioning of electrotherapy equipments £ s S &le|2|3|2|= Bls|ls|c|8 £583 d
Elal| & 2| 2/ 8/ &8|8|38|% < | 8| g 3/848 9
Elglz £ E = | @ E = | £ s|c| 2| =22 <
5| 8|8 3 c | @ 25| ,| 3| 2| §|l«gy s
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: |88 S8/ 822|828 2 E|8|Jlososat
51 & |8 Sl 8 &2 3|&§l&H[28|al5[R=8 g
CLO-1: |Explain the working principle of coronary care equif 3180|75 Hl-]-1-1-1-1-1-1-1l-]-1-1L]-1]-
CLO-2: |Describe the functioning and uses of different surgical equip 3180|70 L] - R e - - L] -]-
. |Give an overview about the different components and working principle of respiratory care equipments and Bone mineral
CLO-3: . . ) 3|75|70 M| - Eo T T T B L|-]-
density measuring techniques
CLO-4: |Give an overview about the different components and working principle of sensory diagnosis and therapeutic equipments 3180 |75 M| - E I B R R B B e e I o e
CLO-5: |lllustrate the functioning of different types of physiotherapy equipments 3180 |70 M| - R R
CLO-6: |lllustrate the functioning of different types of electrotherapy equipments 3180 |70 H| - -l -l - - - L -
i . . . Respiratory care equipments and Bone " . . Physiotherapy and electrotherapy
D(l:\ratu;n Coronary care equipments Surgical equipments mineral density measuring equipments Sensory diagnosis equipments equipments
our,
9 9 9 9 9
. - v . . . Short wave diathermy, Simplified circuit
SLO-1 |Need for cardiac pacemaker Principles of surgical diathermy unit Mechaq:cs of respiration, Artifiial Mechanism of hearing, sound conduction diagram, Methods of applying
ventilation system
§-1 electrodes
o | Types of pacemaker and different Surgical diathermy machine Block . . : L Measurements of sound, Ti I Indl and [ method,
SLo-2 modes of operation diagram and description Respiratory care equipment: humidifier used to measure sound Inductive heating by coil in drum
SLO-1 |External pacemaker - Block diagram Endoscopy basic components Nebulizer, aspirators Blogk diagram and description of basic M'.cm wave diathermy, Production of
52 audiometer microwaves
$L0-2 Three types of External pacemaker Types of endoscopy - Fiber optic and | Ventilators —Functional diagram, Types of ure tone audiometer Simplified circuit diagram of micro wave
based on the type of output waveform |rigid types ventilator P diathermy
SLO-1 ntable [ , requir . Applications of endoscopy- Laparoscope, Classification of ventilator Speech audiometer Ultras.on.lc therapy unit- Block diagram
Classification codes for | S gastro scope description
S-3 Types of implantable pacemakers, A . . . .
Y y L e Applications of endoscopy- bronchoscope, | Ventilator- Microprocessor controlled S . Dosage control in ultrasonic therapy
SLO-2 |Various pacing modalities in demand arthroscopy ventilator Calibration of audiometers unit
] . g P . N L Electro diagnosis and electrotherapy
SLO-1 Ventricular synchronous demand Cobalt T-60 machine - Basic Electronics block diagram of ventilator Bloqk diagram and description of Bekesy basics - Intensity time curve of
S-4 pacemaker components audiometer system |
. . . _ . .. |Block diagram and description of Evoked |Different types of waveforms used in
SLO-2 |Rate responsive pacemaker Gamma Knife Capnography — Block diagram description response audiometry system electrotherapy
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SLO-1 |Need for Defibrillator, AC Defibrillator | Cryogenic surgical techniques Anesthesia Lma_chme - _schematrc diagram Hear!ng a_/ds, Conventional analog type ~ |Electro d_lagnost:c/_ Stimulating unit -
55 - i ofan : hm? ; hearing aid _block g _
$LO-2 | DC Defibrillator - schematic diagram Applications of cryogenic surgery Blockldla:qram & description of an Digital hearing aid Interferent!al cur.rent therapy - Principle
monitor of generation of interference currents
Defibrillator electrodes, DC Defibrillator . . R . . . cochlear implants Transcutaneous electrical nerve
SLO-1 | -~ . Operating microscope — basic principle Baby incubator - Principle of operation P
with synchronizer
S6 Automatic or advisory external defibrillator " . Baby incubator - Block diagram
SLO-2 (AED) Operating microscope — components description Different types of cochlear implants Spinal cord stimulator
Implantable Defibrillator architecture |Lithotripsy- Sch ic of an BMD : Single X-ray Tonometry - Impression type, Applanation Diaphragm pacing by r.adlo fr_equency
SLo- and types shock wave pulse absorptiometry (SXA) — basic principle tonomet for treatment of Chronic ventilator
§-7 VP P P v princip & insufficiency
SLO-2 |Pacer cardioverter defibrillator The first Lithotripter machine \’Smg/e X"?y,.i f)lsorp tiomefry (SXA) - Non-contact type tonometry Deep brain stimulation
Y " _ . Modern lithotripter system — Block diagram |Dual X-ray absorptiometry (DXA) - basic | Measurement of basal skin response and | Bladder stimulator - schematic diagram
58 SLO-1 | Defibrillator analyzer - block diagram description principle galvanic skin response - Principle of bladder
SLO-2 |Defibrillator protection circuit in ECG Shock wave generator, Shock wave Pual X—ra:V ?bsorp tiometry (DXA) - MeaSU(emgnt of basal skin resp(z{lse and Circuit diagram of bladder stimulator
sources, on galvanic skin response - Block diag
Y . Focussing system, Coupling, Imaging | Quantitative ultrasound bone densitometer | Biofeedback instrumentation — Basic | Phototherapy unit - Principle of
59 SLO-1 |Heart lung machine systems in Lithotripsy hi - basic principle principle P and applicatit
SLO-2 m:;s of oXy! genators used in Heart laser lthotripsy -Qllnstrum ve u/‘tf;a’sound bone densitometer EMG feedback for rehabilitation study | Types of phototherapy unit
1. R.S.Khandpur, Handbook of Bio-Medical instrumentation, 3 ed., Tata McGraw Hill, 2014 . . . . .
2 Albert M.Cook and Webster. J.G, Therapeutic Medical Devices’, 14 ed., Prentice Hall, 1982 6 Efs’;"‘/‘l’e o gc’feengc"’ef b 25’2)97"” of Cryogenics Low-Temperature Experimental Techniques, st ed.
. ; . h o . x
Learning 3 g}:) (tjtgiy PL OBU gggn‘;ﬁ;;]i;;g Aé' nBLegr’lséoBszgeiEeEnﬂ;arI::r?tyﬁlngrzggggloggsl?rts}n?eszgé I?:'I;Z:)gsec:; 20'17?he 7. Leslie Cromwell, Fred J.Weibell, Erich A.Pfeiffer, Bio-Medical Instrumentation and
Resources " Fundamentals, 6 ed M/l:/e};-BléckweI/ 2(5)08 quipment, il Measurements, 2nd ed., Pearson Education, 2007
5. Marc. Safran, Bobby. Chhabra. A., Mark. Miller.D, Primer of Arthroscopy, 2" ed., Elsevier Health Sciences, .xiflvenyGéZ\;%bster, Specifcations of Medical Insirumentation Application and Design, 4th ed.
2010 !
Learning A
, Continuous Learning Assessment (50% weightage) ) - P
Leveli‘f‘;;‘;:kin CLA-1 (10%) CLA-2 (15%) CLA-3 (15%) CLA—4 (10 Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% - 0% - 0% - 0% - 30% -
Understand
Level 2 ApDly 0% - 0% - 0% - 0% - 0% -
Analyze
Level 3 Evaluate 30% - 30% - 30% - 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com

Experts from Higher Technical Institutions

1. Dr. 8. Poonguzhali, Anna University, poongs@annauniv.edu

Internal Experts
1. Dr. S. P. Angeline Kirubha, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University,

meenab68@annauniv.edu

2. P. Vinupritha, SRMIST

3. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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L|T|P|C
Course | ygrcpogsy | Course BIOMEDICAL SIGNAL PROCESSING Course | ¢ Professional Elective
Code Name Category 210|213
Pre-requisite 18ECC204J Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department Elect(unlcg anq C(_)mmur_ucat/on Eng!r_!eerlng with Data Book / Codes/Standards Nil
specialization in Biomedical Engineering
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Utilize the characteristics of various bio signals 1 112 4 5|6 |7 8|9 1011|1213 /1415
CLR-2: |Utilize knowledge in time domain and frequency domain filtering techniques to remove noise from bio signals = g E
CLR-3: |Apply various signal processing techniques in analysis of ECG signals glels g é . ‘g £8 &
CLR-4: |Utilize knowledge in Wavelets and speech signal analysis R %f; S 52 5 g 8 €22 %
CLR-5: |Analyze the characteristics of non-stationary signals £ls5|¢e % @ % < & 0| & € gl 2|87 = JBE
CLR-6: |Analyze the classification of normal and abnormal ECG signal. £1€|§ g 22|32 El5|w|E|EE58LE
Ele|= 228|883 |8 = | 8|5 382825k
, _ 5| 8|8 8l e(2|4|c|2|5 S 5|3 EBlSfasst
Course Learning Outcomes (CLO): [At the end of this course, learners will be able to: EREE: RS & 5| q| % § 21 £ é 2 E|S 2989598
A R Glael8| 5|23 | H|lm|2|8|a|5|RER 4
CLO-1: |Analyze the physiological origin and characteristics of various biomedical signals 3180|75 M| - -1 - -1 -1-1-1-1-1-/|-1-1-1-
CLO-2: |Apply time-domain and frequency domain filtering techniques to remove noise from biomedical signals 3180 |70 M| - - - - - - - M| - -
CLO-3: |Analyze various signal processing methods to process the ECG and HRV signals. 3175|770 M - - - M -
CLO-4: |Apply wavelet transform techniques to analyze the biomedical signal 3180 |75 M- -]-1-1-|-/l-1-[-1-1-|M
CLO-5: |Analyze the characteristics of non-stationary signals 3180|70 M|-|M|-|M L M M
CLO-6 : |Perform the classification of normal and abnormal signal 318070 M| - -] -]1-1-1-1-1-1-1-/-1-1-1-
Duration
(hour) 12 12 12 12 12
SLO-1 |Bioelectric signals-ENG, ERG :Z’;g;;";am filters-Synchronized ECG waveform analysis Introduction to wavelets Analysis of non-stationary signals
S-1
SLO-2 |EOG, EEG signal characteristics Moving averaging filters Envelope Extraction and Analysis Continuous and Discrete wavelet Time variant system
Frequency domain filters
SLO-1 |ECG signal physiological origin Removal of high frequency noise- P wave detection Discrete wavelet transform Fixed segmentation
§-2 Butterworth low pass filter
SLO-2 |characteristics Design procedure Estimation of R-R Interval pyramid algorithm Short time Fourier transform
S | SLO- lfb1': ReFresenfatlon of basic L‘ab4: Design of B.utferworfh Low pass |, pa. Analysis of ECG signal Lab 10: Wave/et transform for 1-D Signal Lab 13: Mini project
3-4 | SLO-2 ig filter to remove high frequency noise Processing
y . Removal of low frequency noise- QRS complex detection-Template Comparison of Fourier transform and . .
SLO- |PCG signal Butterworth high pass filters subtraction method wavelet transform Adaptive segmentation
5 Removal of periodic artefacts-Notch & Comparison of Fourier transform and
SLO-2 |Characteristics " oF P Template correlation method P Algorithm
Comb Filter wavelet transform
SLO-1 |VAG Introduction to Adaptive filter D;r‘lsveinve based me_thod-ngh speed Speech analysis — Cepstrum Autocorrelation function method
56 Q algorithm,
SLO-2 |VMG Adaptive noise canceller High speed QRS detection algorithm Homomorphic filtering of speech signals  |generalized likelihood ratio
S | SLO-1 X . L Lab5: Design of Butterworth high pass |Lab8: Detection of QRS complex from X . . s
7.8 [ SLO2 Lab2: Correlation of Biosignals filter to remove low freg y noise ECG Lab11: Analysis of speech signal Lab 14: Mini project
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y . —— . . L ) Simple high speed QRS width detection | . . Classification of signal: Normal and ectopic
s SLO-1 |Bioacoustic signal-Auscultation Optimal Filtering: Wiener Filter algorithm-Differentiati hing Time frequency representation ECG beats
SLO-2 |Voice, Korotkoff sound Wiener Filter(Contd.) Moving average integrator, thresholding | Spectrogram Algorithm
SLO-1 |Biomechanical Signal Wiener Filter(Contd.) Heart rate variability (HRV)-Introduction | Time scale representation Case studies- in ECG and PCG
$-10
SLO-2 |Biochemical Signal Wiener Filter Time & Frequency domain methods Scalogram PCG and carotid pulse
11?12 g::g; Lab3: Analysis of EEG signal Lab6: Design of Adaptive filters Lab9: Analysis of Heart rate variability |Lab 12: Mini project Lab 15: Model Practical Exam
Learning 1. Rangaraj.M.Rangayyan, Biomedical signal processing, 2@ ed., Wiley-IEEE press, 2015 - . . . R, .
Resources 2. Reddy D.C, Biomedical signal processing: Principles and techniques, 2" ed., Tata McGraw-Hill, 2005 3. Wil J. Tompkins, Biomedical Digital Signal Processing, PHI, 2004
Learning A
8 Continuous Learning Assessment (50% weightage) . _— I
Lo CLA—1(10%) CLA=2 (15%) CLA-3 (15%) CLA=4 (10%)F Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 20% 20% 15% 15% 15% 15% 15% 15% 15% 15%
Understand
Level 2 ﬁgg:zm 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Eval
Level 3 C\l‘lsal::te 10% 10% 16% 15% 15% 15% 15% 16% 16% 16%
Total 100 % 100 % 100 % 100 % -
# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com

1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu

1. Dr. U. Snekhalatha, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, At

labad, kumaranuj.anii@gmail.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

2. Dr. T. Rajalakshmi, SRMIST

3. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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T|P|C
Course | yopcpoger | Course BIOMEMS Course | ¢ Professional Elective
Code Name Category 310|013
Pre-requisite |, Co-requisite . Progressive |, .
Courses Ni ‘ Courses Nl Courses Nil
Course Offering Department Electfoqlcg anq Cqmmur‘vlcatlon Englqeermg with Data Book / Codes/Standards Nil
specialization in Biomedical Engineering
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Get an idea about the MEMS and Microsystem basics 112 112 4151|686 8 |9 10|11 |12[13[14]15
CLR-2: |Understand the microsystem fabrication processes and Is used for MEMS = £4d o
CLR-3: |Understand the micromachining processes glels § 3 . 598 g
CLR-4: | Acquire the knowledge required for the development of microfluidic systems R "g §’ IR § S 8 £2 H E %
CLR-5: |ldentify the applications of bioMEMS in healthcare industry 2lg|¢e % ol| & 18 .| 2 = 5 2875 JES
CLR-6: | Understand the applications of MEMS and BioMEMS £12|5 El2l2|23|2|= &l5|«| 5885828
|| 2| 2/8/8|8|3|% | 8|5 384885 ¢
Elglzg HEPEIEAF IR s | |2 | 2|a dOgEY
5| S| 8 21 6| 2|s|2|5| |23 2|38 5|84 8s¢
Course Learning Outcomes (CLO): ‘At the end of this course, learners will be able to: | 8|8 5|38 % sl8| 5|2 £ L1 2|9E959 ¢
S|4 d slel8lg|2|8|G|lm|2|8|&|5 |8l ¢
CLO-1: |Analyze the working principle of MEMS & Microsystems in healthcare domain 3180|75 M| - | L] -] -1-1-1-1-"1-1-"/|-"1-1-/1-
CLO-2: |Explain the microsystem fabrication processes and Is used for MEMS 318070 - - 1L - - - - - - - -
CLO-3: |Differentiate the various Micromanufacturing techniques in miniature applications 3175|70 - M - - e
CLO-4: |Analyze the working principle of Microfluidic Systems in healthcare 3180|75 R N N e e e e e
CLO-5: |lllustrate the concepts of BioMEMS with suitable examples 3180|70 -l - M- - M| -
CLO-6 : |Analyze the applications of MEMS in Biomedical domain 3180|70 M| - L] -]-1-1-1-1-1-1-"/1-1-1-1-
Introduction to Microsensor and Materials for MEMS and basic . . - . - .
Duration Microactuator fabrication Techniques Basics of Micromachining Microfluidics BioMEMS
hour,
thoun) 9 9 9 9 9
SLO-1 |MEMS and Microsystems- Introduction Substrates and Wafers Bulk micromanufacturing Microfluidics Introduction BioMEMS Introduction
§1
SLO-2 |Advantages of MEMS & Microsystems Silicon as a Substrate Material Isotropic etching Fluid Properties Application of BioMEMS
SLO-1 | Typical MEMS and Microsystem Products |Materials for MEMS: Silicon compounds | Anisotropic etching ;‘; ’:,I: :Z,I'g,r/]s of Microfiuidic Systems in Lab on a chip
S22 — - -
SLO-2 ﬁ]%’ ,sif;m of Microsystems in Healthcare Silicon Piezoresistor Etch Stop Techniques Fluid actuation methods DNA Sensors
SLO-1 |Microsensors- Acoustic wave sensor Gallium arsenide Etch Stop Techniques Dielectrophoresis (DEP) Hybridization Types
$3
SLO-2 |Microsensors- Optical Sensors Quartz Dry Etching Electrowetting Microsystem approaches to PCR
SLO-1 M_/croSenSorS- I Piezoelectric crystals Dry Etching Techniques Electrothermal Microsystem approaches to PCR
S-4 Biosensors
SLO-2 |Chemical Sensors Polymers Dry Etching Techniques Thermocapillary Mobile Point of Care Monitors
SLO-1 |Pressure Sensors Packaging Materials Surface Micromachining Electroosmosis Implantable MEMS for glaucoma therapy
$-5 - - — P
. Photolithography Surface Micromachining Process Optoelectrowetting (Light-actuated
SLO-2 |Thermal Sensors Sequerce microfiuidic device) Implantable MEMS for glaucoma therapy
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SLO-1 |Microactuator lon Implantation LIGA Introduction Microfiuidic channel Asﬂ}ig\fnbased Implantable Drug Defivery
S-6 -
SLO-2 |Different types of actuation Diffusion Application Microdispenser g}iﬁ?ﬂbased Implantable Drug Defivery
SLO-1 ;\Applrca(ron of Microactuations: Oxidation LIGA Process Microneedle {ntegrated microsystems for artificial retinal
s7 icrogrippers i i implants i -
SL0-2 Appllcgt/on of Microactuations: Microvalve Chemical vapor deposton (CVD) LIGA Process Microfilter {ntegraled microsystems for artificial retinal
and Micropump implants
SLO-1 |Inch-Worm Technology CVD Types %ecrrl(t)smaarggienrgents of Bulk Microseparator I\d/leli'%ibased neuronal intervention
S8 . Physical vapor deposition Merits and Demerits of Surface - MEMS-based neuronal intervention
SLO-2 |Micro-accelerators P P Microreactor ;
(PVD) Micrc devices
SLO-1 57?;25 ﬁja%gomedlcal microsensors and Epitaxy Merits and Demerits of LIGA Process Micromixer Current Point of Care Technology
S9 - - -
SLO-2 i;::gg é(ija%gomedlcal migrosensors and Etching Summary of Micromachining Capillary Electrophoresis Current Point of Care Technology
1. Tai-Ran Hsu MEMS & Micro Design, Manufacture and Nanoscale Enginsering, 21¢ ed., John 9. Abraham P. Lee and James L. Lee, BioMEMS and Biomedical Nanotechnology, Vol. 1, 1t ed.,
! " . 7 ’ ’ v Springer, 2006
2 m’;g Lf(uf/gcesmzcggi d Mahalik. MEMS. Tata McGraw Hil. 2008 10. Wanjun Wang & Steven A.Soper, BioMEMS- Technologies and applications, 1%t ed., CRC Press,
' . i L ne - . . ’ . 2007
t
3 g%;’;i;fgigﬁg’:zzxggggmen'als of BioMEMS & Medical Microdevices, 1 ed. Intemational Society 11. Walter Karlen and Krzysztof Iniewski, Mobile Point-of-Care Monitors and Diagnostic Device Design,
. , "
II;ZZ:‘\:lr‘ges 4. Elis Meng, Biomedical Microsystems, 1+ ed., GRC Press, 2011 12 ﬁa;q%rschZﬁ;esh iogeven T Wereley, Fundamentals and Applications of Microfluidics, 2/ ed.
5. Simona Badilescu, Muthuk Packiri: , BoMEMS Science and Engineering Perspectives, 1sted., ’ Artech House. 2006 ! ! i
CRC Press, 2011 N . ) . . .
, ) . 13. Donggqing Li, Encyclopedia of Microfluidics and Nanofiuidics, 15t ed., Springer, 2008
t
g' é’ggf di”z%gf%?gﬁg&? ?sl?gfhgn;;::jzgéc Press, 2013 14. Chao-Min Cheng, Chen-MengKuan & Chien-Fu Chen, In-Vitro Diagnostic Devices: Introduction to
’ . P ¢ " e Current Point of Care Diagnostic Devices, 1% ed., Springer, 2016
d
8. Chang Liu, Foundations of MEMS, 2 ed., Prentice Hal, 2012 15. Mel L. Mendelson, Learning Bio-Micro-Nanotechnology, 1+ ed., CRC Press, 2013
Learning A
8 Continuous Learning Assessment (50% weightage) Y - -
Lo CLA—1(10%) CLA=2 (15%) CLA-3 (15%) CLA—4 (10%}# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Esg‘:rgﬁg 30% - 30% - 30% - 30% - 30% -
Level 2 ﬁﬁg:zze 0% - 0% - 0% - 0% - 40% -
Level 3 E‘r’z;‘::te 30% - 30% - 30% - 0% 30% -
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com

1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu

1. Mr. Karthik Raj V, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii

mail.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

2. Dr. D. Ashok Kumar, SRMIST

3. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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T|P|C
Course | ygrcpogyy | Course BIOMECHANICS Course | ¢ Professional Elective
Code Name Category 210|213
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department Elect_rm_‘ucg an(_i C(_)mmur_ncat/on Eng!r_!eerlng with Data Book / Codes/Standards Nil
specialization in Biomedical Engineering
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Utilize concepts of kil and kinetics of human motion and functioning of bone. 1 112 4 5|6 819 |10[11[12[13 1415
CLR-2: |Utilize the mechanics of joints, skeletal muscle, elbow and hand = g E
CLR-3: |Analyze mechanics applied in various movement and loads on shoulder, hip and knee. glels g é . ‘g £8 &
CLR-4: |Analyze movements and loads applied on spine, foot and its effect on human gait. R %f; S IR 5 § 8 €22 5 %
CLR-5: | Utilize the fluid medium in human movement and application of sports biomechanics. HEE e 5128 o3 = gl z|89% J5=
CLR-6: |Understand the concepts of reactive services applied in human movements £ €5 1 2|l2|2/3 2| 2|5 % | E5 £5¢8¢
|| 2| £/8/ 88|38 s | 8|5 3848253
Z18|3 S Z | = s | = | = | E s e |2 =o|lda S EY
. . s51¢]¢ 85|58 5|3|s 2| 2|3|8l85858
Course Learning Outcomes (CLO): [At the end of this course, learners will be able to: T 8|8 55|88 8% 8 2 E|S 2989598
A R Glal8| 5|28 H|lm|2|3|a|5|[RE@=8 ¢
CLO-1: |Apply principles and concepts of biomechanics in the field of kinematics and kinetics of human motion 3180 |75 MIM| - |- -|-]-|-]-|-]-|L]L]|-]-
CLO-2: |Identify the basic functionalities of joints, skeletal muscle, elbow and hand. 3180170 - IM - LM -] -] - S O Y S O O Y A
CLO-3: |Analyze the functionality and various forces applied on shoulder, hip and knee. 3175|770 MI{M|L|M|M - - -l - LM
CLO-4 : | Apply various loads on spine and foot to analyze the information on various human gait. 3180 |75 Sl - IMIMIM] - - - - - - LM
CLO-5: |Communicate and imple the knowledge in various applications related to human movement 3180 |70 MM - - - L] -] -
CLO-6: |Apply rehabilitation services in all biomechanical activities 3180|70 - M LM - |- -]-]-]1-|L]jL|L]|-
K'.net'c and .klnematlc's of human Biomechanics of skeletal muscle, Elbow| Biomechanics of Shoulder, hip and | Bi h: of spine and Analysis of . .
Duration motion and Biomechanics of human . Sports Biomechanics
and hand knee gait
(hour) bone
12 12 12 12 12
SLO-1 Forms ofmotlon‘, Spatial reference Joint architecture Structure of the shoulder Structure of the spine, Spinal curves f\ilo”,'f c‘/‘iamcs inp ,hy S/caj gducarlon-
541 systems, analysis of human movemgnt analysis of kicking
SLO-2 Standard refere_nce terminology, Joint Articular cartilage and connective tissue | Movements of the shoulder Movements of the spine Qualitative analysis of batting
movement terminology
SLO-1 |Basic concepts related to kinetics Joint stability, Joint flexibility Muscles of the shoulder Loads on the spine OHfu ;,Z ?ismovemenl in fluid medium- Nature
S-2 - - - — s -
SLO-2 Mechanical quds on the human body, Tephqrqugs for increasing joint Flexibility, ‘anqs on the shoulder and common Common injuries of the back and neck Lamma( and turbulent flow and flow
Effects of loading Joint injuries injuries of the shoulder properties
S | SLO-1 Labv1 : Analysis of mechanical stress and Lab 4: Study of joints Lab 7: 3D modeling of radius and uina Lab 10: Se;gmentatlon and modeling of Lab 13: Mini project
3-4 | SLO-2 |strain lumbar spine
SLO-1 |Linear and angular kinematic quantities ztzgggrgéggamza{mn of skeletal muscle- Structure of the hip Gait analysis Buoyancy
§-5 P -
SLO-2 nR;![c’;gsnshlp s between finear and angular Motor units and fiber types Movements at the hip Various methods in Gait analysis Drag and lift force
4 |Kinematics of projectile motion, Factors | Factors affecting muscular force . Biomechanics in Strength and conditioning
56 SLo-1 influencing Projectile trajectory generation Muscles and loads on the hip Types of phases Qualitative analysis of squat technique
SLO-2 |Analyzing projectile motion Muscular strength, power and endurance |Common injuries of the hip Joint Zﬁ;ﬁsurement approaches and systems for Qualitative analysis of Drop jumps
S | SLO-1 |Lab 2: Projectile motion analysis using Lab 5: Study of Body composition Lab 8: Segmentation and modeling of X . . NV
7.8 [ SLO-2 |MATLAB parameters femur bone Lab 11: Analysis of gait Lab 14: Mini project
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SLO-1 |Composition and structure of bone tissue | Structure of the elbow Structure of the knee Structure of the foot Qualitative analysis of Throwing technique
S-9 P
SLO-2 |Bone growth and development ﬁ?;f;g;ae elbow and common injuries Movements at the knee Movements of the foot Qualitative analysis of Dribbling technique
SLO-1 |Bone response to stress Structure of the joints of the hand Muscles and loads on the knee Loads on the foot i CTanics in sp orts and
$-10 rehabilitation
SLO-2 |Osteoporosis Movements of the hand Common injuries of the knee and lower leg | Common injuries of foot Dealing with sports injuries
S | SLO-1 |Lab 3: Measurement of bone mineral . . " Lab 9: Segmentation and modeling of X .
11-12| SLO-2 |density Lab 6: Segmentation of radius and ulna fibula and tibia Lab 12: Repeat class Lab 15: Model Exam
Learning 1. Susan J Hall, Basic Biomechanics, 4" ed., Tata McGraw hill, 2004 3. Roger Bartlett, Introduction to Sports Biomechanics: Analysing Human Movement Pattemns, 2
Resources 2. Duane Knudson, Fundamentals of Biomechanics, 2" ed., Springer, 2007 ed., Taylor and Francis, 2007
Learning A
, Continuous Learning Assessment (50% weightage) . _— o
Lo CLA—1(10%) CLA=2 (15%) CLA-3 (15%) CLA=4 (10%)F Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 20% 20% 15% 15% 15% 15% 15% 15% 15% 15%
Understand
Level 2 ﬁﬁg:zm 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Eval
Level 3 c\::al::te 10% 10% 16% 15% 15% 15% 15% 16% 16% 16%
Total 100 % 100 % 100 % 100 % -
# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course D

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com

1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu

1. Dr. D Ashok Kumar, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, At

labad, kumaranuj.anii@gmail.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

2. Ms. A. Bhargavi Haripriya, SRMIST

3. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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L|T|P|C
Course | yorcpager | Course Rehabilitation Engineering Course | o Professional Elective
Code Name Category 310013
Pre-requisite il Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department ‘ Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): | To equip the learners to: Learning Program Learning Outcomes (PLO)
CLR-1: | Learn concepts and terminologies in Rehabilitation Engineering 1,213 112 45|67 [8|9[10]11]12]13|14]15
CLR-2: | Understand different types of wheel chair design and mobility aids Ttlals = L4 4
CLR-3: | Study the components of orthotic and prosthetic devices and their fabrication 8 ": § g é . g £8 i
CLR-4: |Become aware of Engineering concepts in sensory substitution and augmentation Q § 5] k-3 5|2 g ;‘5 8 £5¢% E %
CLR-5: |Understand the legal concepts in Rehabilitation Engineering 2le E % " g ’: ) o | S = gl g 3 i S £
CLR-6: | Study the contemporary topics in Rehabilitation Engineering = L % S Ele|2(3|2 = Sl E|=|k§ § 25884
Els|s 2| £/ 8|8|8|38|% = 8|53 |B282%¢
p i p 58|38 8l 2|gle|2E 3|52 2 2da55¢
. . | Atthe end of this course, learners will Understand design concepts of rehabilitation 5 3|3 gls|s 2|5 & 8|g|2 S| S |SdVESE
Course Learning Outcomes (CLO): Engineering and apply the knowledge to augment the well- being of mankind E u%' L% u?_l’ £ § 2 E § 5 g2 § § 2 g E; § g § g
CLO-1: | Understand the need for rehabilitation Engineering and proficiently use terminologies related to it. 1,2 80|70 M L | L
CLO-2: | Know the various wheel chair design and mobility aid design aspects 1,2| 75| 65 M L L L|L
CLO-3: |Learn about orthotic and prosthetic devices, their design and types. 70 | 65 L L L
CLO-4: |List the various possibilities to augment or substitute visual and auditory capabilities 23|70 | 65 M L L
CLO-5: |Describe the legal concepts in Rehabilitation Engineering 3|80 |65 M| M L
CLO-6: |Gain exposure to the latest topics in Rehabilitation Engineering 318065 M{L|L|M L LML
Duration Learning Unit / Module 1 Learning Unit / Module 2 Learning Unit / Module 3 Learning Unit / Module 4 Learning Unit / Module 5
(hour) 9 9 9 9 9
SLO-1 Introducg tg Rehabllltatlgn Engineering Interventions in seating systerm Amputgtlon: Defmlt«?n, need, situations | Basic structure of eye, How it functions, Application of robots in rehabiltation
and Assistive technologies where it can be avoided problems that can be faced
S Learn Concepts of Rehabilitation Categories of visual impairmen,
SLO-2 Engineering Wheel Chairs-Introduction Classification of amputation identification of level of intervention Types of robots used
needed
SLO-1 Lear_n Te(mmologles Rehabilitation Types of Wheelchairs Prosthetics: Definition, Need for prosthesis | Artificial Eye-Complete replacement Challenges in robot design for diferently
5.2 Engm_eermg_ S i i i abled people
SLO-2 Eon.s:dergtlons for Rehabilitation Describe on Manual wheelchairs gesigégrosthems, Where prosthesis can't Retinal implant Differences in material used
! &4
SLO-1 Varlpus app) roaches for Rehabiltation Component Design Basic (.y pes of prosthesis, Prosthesis Sensory augmentation for blind Functional electrical stimulation definition,
s3 engineering Prescription
8LO-2 |PAD process Electrical Power wheel chairs Prosthesis for shoulder, neck, torso Cortical prosthesis Circuit for stimulations
SLO-1 |PHAATE model Power assisted wheelchair-Design Prosthesis for elbow, arm Assist devices for visual rehabilitation Significance of myoelecticl signal
S-4 — ——
SLO-2 |Universal design- Introduction Design types Fabrication and issues involved Auditory devices ?ﬁ;‘/;’ggg of myoelectic! signal,
§-5 | SLO-1 | Seven Principles of Universal design Wheelchair transportation Parts of Lower extremity 3:;5:;0’::!2%26"0"' Design of Activities of daily living
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Significance of each part, Different Tactual sensory substitution, Applications
SLO-2 |Benefits of Universal design Lift Mechanism movements involved ng examples of tactual substitution in real | Low tech and hi tech aids in daily living
SLO-1 |Universal design Matrix Wheelchair safety Prosthesis for knee, hip Main part of ear, Measurement of hearing |Neural engineering
S-6 - -
SLO-2 |Design based on human ability Wheelchair standards and tests Mat?"f ,/ usggﬁésfzbncat/on, examples of Problems that can arise, Range of hearing |Implementation in rehabilitation
Standards for assistive technology- ) S Orthosis: Definition, Difference between . N . . .
7 SLO-1 National and International Intelligent Mobility aids orthosis and prosthesis Surgical hearing aids Behavioural disorders and its types
SLO-2 Role of Rehabiltation Engineering in Smart wheeled walkers Orthosis for shoulder, neck Cochlear and eardrum interventions Rehabilitation methods involves
standards development
SLO-1 Rehabrlrtéliflon Engineering and its research All terrain wheelchair Orthosis for foo, Materlal useq: the Non surgical hearing aids Sports rehabilitation
s8 opportunities problems faced with the material
SLO-2 |Future of Engineering in Rehabilitation Current directions in wheelchair research | Components of lower limp prosthesis Design of a simple external hearing aid ,Aﬂzgzgﬁgen{ fechnology for sports
SLO-1 |Seating and common pathologies Parts of Upper extremity S;s{?g,;]al circuitry design and support Sign language Legal aspect in rehabilitation
Indentifying the orthosis and prosthesis
59 Significance of each part, Different which can be used
SLO-2 |Seating assessment 9 . part, Practice session: student to indentify the | Devices for sign language translation Provision for rehabilitation
movements involved . f
area of amputation and what to use in that
location
5. Rory A Cooper, Hisaichi Ohnabe, Duglas A Hodson, “An Introduction to Rehabilitation
Engineering”, CRC Press, First edition, 2006 Marion A Hersh, Michale A Johnson, “Assistive Technology fo Visually impaired and blind people”, Springers
Learning 6. Rory A Cooper, “Rehabilitation Engineering Applied to Mobility and Manipulation”, CRC Publications, First edition 2008.
Resources Press, First edition, 2010 9. Suzanne Robitaille, “The illustrated guide to Assistive technology and devices-Tools and gadgets for living
7. Horia-Nicolai.L. Teodorescu, Lakhsmi.C. Jain, “Intelligent Systems and Technologies in independently”, Demos Health Newyork, First edition, 2010.
Rehabilitaion Engineering”, CRC Press, First Edition, 2010.
Learning A
, Continuous Learning Assessment (50% weightage) ) - o
Lol poms CLA=1(10%) CLA-2 (15%) CLA- 3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% - 0% - 0% . 0% . 30%
Understand
Level 2 Apply 0% - 0% - 0% - 0% - 40%
Analyze
Level 3 (E:‘r’:;‘::‘e 30% - 30% - 30% - 30% 30%
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananiayagopal@mindray.com

1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu

1.

Dr. Varshini karthik, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University,

meena68@annauniv.edu

2. Mrs. A. Bhargavi haripriya, SRMIST

3. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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L|T|P
Course | yopcpagy | Course BIOMEDICAL NANOTECHNOLOGY Course | o Professional Elective
Code Name Category 30013
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Learn the different synthesis method and its application 1123 112 (34|56 |7 |89 1011 [12][13[14 /|15
CLR-2: |Apply the various characterization techniques in nano materials ° 5
) 5
CLR-3: |Comprehend the principles behind nanomedicine |5 g S 5 = pet % o | 2
= s 3 = 28§ | =
CLR-4: |Gain a broad understanding of concepts and applications of nanomedicine @ § s S Z |8 < ‘;5 3 £25 g
o o @ ] S £ 4
CLR-5: |Apply concepts of nanomedicine to a focused clinical area of their choice g g % H ?, f & o | 3 3 £ 2 ‘é 4 = =<
S| £ Sl &|le|2| 3|2 s £ csd.2
CLR-6: |Acquire knowledge to apply these nanosystems for the diagnosis and therapy. § o | < = ;: : |2 % 3 32 ﬁ 22| g SUZEE S
- | T E=ES- S = =] =] 151 x| e | 2129882 ¢
5| 2|8 sle|®|a|'2| 2| E S| S| | 224 S Es
—| 8|9 o 53| g|a|E| 2|6 4 Bl E|lB| o |<8VNTE8 T
- - - 2 8| & 5 3|2 8|3 2|2 E|L&|2|lofosos
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: 3|53 2lel8l2l8|8|lEl§l2|8|l& 2lpfokod
CLO-1: |Analyze the suitable method in biomedical application 318075 M| - -1L]-]-]-|-]-1-]-|-]L|-]L
CLO-2: |ldentify the various characterization techniques in nano materials 318070 L - | L - -y L - L
CLO-3: |Describe the properties and techniques in nano biomaterials 317570 Ly - -fL|-]- - - - -l L) - L
CLO-4: |Analyze the concept of nano therapeutics and application in biomedical 318075 M- - |M|-]|- - - - -l L - L
CLO-5: |ldentify the principle behind modern bio nano imaging techniques 3180170 M| -] -IM|-]- E e e e e I A A A
CLO-6: |Apply the nano materials in 3D printing techniques 318070 M- -|M|-]- - - - - |L - L
X . . Nano materials characterization . . . Nano biomedical imaging and 3D Bio
D(L::atlt;n Synthesis of nano material techniques Nano biomaterials Nano therapeutic printing techniques
our)
9 9 9 9 9
SLO-1 |Introduction About Nano technology mggggéﬁg(g%%annmg electron Introduction to nano biomaterials Drug to delivery to central nervous system |Introduction to biomedical imaging
S-1 En - - Pe—"
SLO-2 |Bulk synthesis: Agp lication of scanning electron Surface and bulk properties of biomaterials | Drug delivery across blood brain barrier The eme.rgencevqfnanop artcle as imaging
microscope platform in medicine
SLO-1 | Top down and bottom approaches Energy dispersive spectroscopy (EDS) Nano biomaterials, Nano bio ceramics Nano wire monitoring the brain activity Magnetic resonance imaging basics
S22 - - - -
SLO-2 |Physical vapour deposition methods | Basics principle of atomic microscopy Hydroxyapatite ant its properties Z’:C%’e"mo" o Nano robot medical gg?eln:/sorklng sparamagnetic contrast
SLO-1 |Electron beam evaporation techniques ;‘;’::fngggs zgxng and application of Hydroxyapatite ant its applications Application of Nano robot medical device | Magnetic Nano sensor
§-3 : —
SLO-2 |Pulsed laser deposition mfgﬁggggf fo transmission electron Alumina and its properties ,application Introduction to nano drug carrier Radio labeled nano particles.
SLO-1 |Sputtering techniques 2’75/ (’)fgg;’;/‘)f transmission electron Zirconia and Titania and its properties Nano carrier for ocular drug delivery Sound waves nano particle
S-4
SLO-2 |Evaporation techniques Scanning probe microscope Zirconia and Titania ant its applications cell therapy for myocardial infection Application in ultra sound imaging
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SLO-1 | Cathodlic arc deposition Nano indentation techniques Nano diamond carbon nano materials /7,—7};19) ;?O(;f cell therapy for myocardial Biological imaging
$-5 - - -
SLO-2 |Spin coating unit, spray pyrolysis Cantilever array sensor g;;zg;z)’g:nd carbon materials and its Nano neurosurgery, Quantum dot in optical imaging
SLO-1 |Chemical vapor deposition(CVD) i?cs;gi for ;J’;/c'p le of scanning tunnefing Introduction to surface modification nanolipoblockers 3D printing
S-6 P — -
Y . o Constriction and application of scanning I " . . .
SLO-2 | Types of chemical vapour deposition tunneling microscope(STM) Types of surface modification method Antirestenosis drugs Introduction and principle
SLO-1 |Plasma method: Plasma enhanced CVD | Introduction about X-ray diffraction Textured and porous materials ;giﬁg;ﬁf:sm nano particle drug 3D printing technology :ink let based
S-7 : -
SLO-2 |Hot filament CVD Measurement and application of XRD Cell biomaterials interactions ;e;'r;c;a;:gﬁlscle drug formulations for spray Pressure assisted, laser assisted
SLO-1 |Chemical synthesis: Sol gel processing | X-ray photon spectroscopy(XPS) Immune response Introduction to nano bone implants Solenoid valve based, acoustic jet based
S-8
SLO-2 |hydrothermal,co precipitation, Application XPS Bone Scaffold preparations Nano bone implants and scaffolds 3D bio printing in ceramics ,polymers
SLO-1 |Wet chemical method Electrochemical work station Scaffold properties and its applications (/";g;z;’;:‘g;sfzm"ano fechnology in cardio 3D bio printing in organs
S9
SLO-2 |Hydrolysis ,Electrophoretic deposition Application of electrochemical work station |In vitro and in vivo tissue biocompatibility |Regeneration of cardiovascular system gga;/s:gﬁgand future development of D
1. Khandpur R.S, Hand-book of Biomedical Instrumentation, 2" ed., Tata McGraw Hill,
2003 4. Guozhong Cao, “Nanostructures and Nanomaterials, synthesis, properties and applications”, Imperial College
Learning 2. Michael Giersig, Gennady B. Khomutov, “Nanomaterials for Application in Medicine and Press, 2004
Resources Biology”, Springer, 2008 5. C.N.Rao, A. Muller, A. K. Cheetham “The Chemistry of Nanomaterials: Synthesis, Properties and
3. Jeff W.M., Bulte and Michel M.J. Modo “Nanoparticles in Biomedical Imaging Emerging Applications”, Wiley, 2004
Technologies and Applications’, Springer, 2010
Learning A
, Continuous Learning Assessment (50% weightage) ) - o
Lovel o CLA=1 (10%) CLA-2 (15%) CLA- 3 (16%) CLA=4 (10%)F Final Examinafion (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 30% - 30% - 0% 0% 30%
Understand
Apply 9 B 9 B 9 9 9
Level 2 Analyze 40% 40% 40 % 40 % 40%
Level 3 Eualuale 0% - 0% - 0% 0% 30%
reate
Total 100 % 100 % 100 % 100 % 100 %

# CLA — 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com

1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu

1. Mr. S. Gnanavel, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

2. Dr. D. Ashok Kumar, SRMIST

3. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan. v

jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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L|T|P
Course 18ECE362T Course Physiological Modeling and simulation Course E Professional Elective
Code Name Category 310/01|3
Pre-requisite Co-requisite |, . Progressive |,
Nil Nil
Courses Courses Courses
Course Offering Department ‘ Electronics and Communication Engineering Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Build an engineering model based on physiological subsystems 1 112 4 156|789 ]10]11[12[13][14]15
CLR-2: |Implement static analysis for physiological systems tlels = L£4q
CLR-3: |Understand time domain and stability analysis of physiological systems 8 °: § g § . ‘g £8
CLR-4: |Implement frequency response analysis for physiological systems @ 21§ ) 5|2 5 ';5 8 €35
CLR-5: |ldentify and estimate unknown parameters in system modeling 2 é E % @ g_ °C‘, S ° é £ g 2 3 ‘: S
CLR-6: |Represent the working of physiological systems using different modeling techniques = e g g 22|32 3|5 % |58 g5
Elsls 2|l g 8/8/8/S|% s | 3|5 3 H = é 2
5 2|2 5| g | @ | |2 B|E s|5|=| 2(=d29
. . ; < 8|8 2 8|52 |58 5|g 2| E|8|85|78YE
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: -3 58|25 8 8|S 2|2 E|S|2l0EQs
S|4 a Gl a8l El2|la|lG|m 2|8 &|5|REQ
CLO-1: | Develop a more in-depth level of understanding engineering analysis for modeling physiological systems 12|80 |70 Ml -1 -1-1-|-1-|l-1-1-1-1-1M
CLO-2: | Perform static analysis of a system 1,2 80| 70 - M- - - - |- - M
CLO-3: | Perform transient and stability analysis of a system. 1,2(80 |70 M - - - - M
CLO-4: | Able to do frequency analysis of the system 1,2 80| 70 - M- - - - -l - M
CLO-5: | Understand and implement system identification techniques 1,2] 80| 70 el I R Y1
CLO-6: |Impl the various matt | modeling techniques to physiological systems 1,280 |70 M - - - -l -l - M
Duration Linear Model Static Analysis Time Domain Analysis Frequency Domain Analysis System Identification
(hour) 9 9 9 9 9
4 |Introduction to modeling methodology, Static analysis: Open loop versus closed . . . . Frequency response: Open loop frequency | Identification of physiological control
S SLo-1 need for models, approaches to modeling |loop Introduction to time domain analysis response system
SLO-2 Model Aqentlﬂcatlon, model validation and |Loop gain calculation: Room temperature |Linearized respiratory mechanics transient Closed loop frequency response Basic problems in Physiological system
Simulation control response analysis
Linearized respiratory mechanics first Relation between transient and frequency |Nonparametric and parametric
SLO-1 |System analysis, fundamental concepts | Steady state characteristics order model — impulse response for open identificati hod
foop response identification methods
2 Determination of steady state operating  |Linearized respiratory mechanics first Numerical Deconvolution, Least square
SLO-2 |Physiological control system an example | point for simple model of muscle stretch | order model - impulse response for closed |Frequency domain specifications estimation ! q
reflex loop
SLO-1 E’r;g"]eenqg control system versus Human body Glucose - Insulin regulatory | Transient response descriptors : Impulse Graphlcal' representation of frequency Estimation using correlation functions
53 physiological control system system i _|response i response: Bode plot o i
$LO-2 |Science of modeling Steady state analysis of glucose —insulin | Transient response descriptors : Step Bode plot :Linearized lung mechanics Est{mfarlop in frequgncy domain,
mode/ response optimization techniques
. ) Human body chemical regulation of . Graphical representation of frequency . A
4 SLO-1 |Generalized system properties ventiatory system Concept of sliding theory response: Nicholas chart Problems in parameter estimation
SLO-2 I\/{odels with combinations of system Mechanism of respiration Neuromuscular reflex action Nicholas chart : Linearized lung mechanics |Input design
SLO-1 |Linear model of respiratory Gas exct | I modeling M;slthemat{ca! model of neuromuscular Graphical ‘rifreslentalt/on of frequency {’dentl(/catl;n Iof c/?sed loop systems —
S5 - — — — — — I reflex motion response : Nyquist plot ‘opening the loop
o |Linear model of respiratory mechanics: espiratory controller mathematical . ’ . e . . ] .
SLO-2 Derivation of transfer function modeling Calculation of transfer function Nyquist plot: Linearized lung mechanics  |Starling heart- lung preparation
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SLO-1 |Linear model of muscle mechanics Closed loop analysis : lung and controller |Stability and transient response Introduction : Circulatory system Kao’s cross - circulation experiment
SLO-2 Llngar model of muscle mgchanlcs. Calculation of transfer function Rqot !ocus and Routh-Hurwitz stability Mathematical model of circulatory system Artificial brain perfusion for partitioning
Derivation of transfer function criterion central and chemo reflexes
SLO-1 Z/g(tjrg;uted versus lumped parameter Heart and systemic circulation Stability analysis: root locus method Frequency response of circulatory system |Voltage clamp
S-7 - - - - g
_, | Distributed versus lumped parameter . " " . . Graphical representation for frequency Opening the Pupillary reflex loop, Read
SLo-2 model: Derivation of transfer function Mathematical modeling of cardiac output | ntroduction to Nyquist plot response of circulatory system rebreathing technique
Calculation of transfer function for -
SLO-1 |Linear system and superposition principle |simplified model of cardiac output Nyquist criterion for stability ;rigg,ency response of glucose — insulin Identification under closed loop condition
S-8 regulation
SLO-2 |Laplace transform and transfer function | Cardiac characteristics curve analysis Relative stability theory Mathemat/_cal ".'Ode, and simulation of Minimal model of blood glucose regulation
glucose — insulin_model
SLO-1 |Impulse function analysis Venous return curve Physiology: Pupillary reflex control E;?rlﬁncy response approach to pupi Optimization : Introduction
59 . . ’ Closed loop analysis of heart and systemic | Mathematical modeling and stability Frequency response characteristics curve |Optimization in systems with negative
SLO-2 |Basics of Linear convolution | . . . p
circulation analysis of pupillary reflex control for pupillary control feedback
1. Michael C.K. Khoo, “Physiological Control Systems - Analysis, Simulation and Estimation”, Prentice 3 C{’::gfegggeﬂivgzgfa;ggg’ » Introduction to Modeling in Physiology and Medcine’, Academic
Learning Ml of India Private Ltd, 21 edition, New Delh, 2001, 4 gohnn T. O}tesen Me;te S. Olufsen Jesper K. Larsen, “Applied Mathematical Models in Human
Resources 2. V.Z Marmarelis,"Advanced Methods of Physiological System Modeling”, Vol.3, Springer Science ’ Physig;o gy Vol 9’3 JAM 260 4 » Jesper £ - PP
and Business Media, 2013. 5. Dorf, “Modern Control Systems”,Pearson Education India, 1% edition, 2008
Learning A
, Continuous Learning Assessment (50% weightage) ) - o
Lo poms CLA=1(10%) CLA-2 (15%) CLA- 3 (15%) CLA—4 (10%)F Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remermber 0% - 0% - 0% - 0% 30%
Understand
Level 2 Apply 0% - 0% - 0% - 0% . 40%
Analyze
Level 3 Evaluate 30% - 30% - 0% - 0% - 30%
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA — 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananiayagopal@mindray.com

Experts from Higher Technical Institutions

1. Dr. 8. Poonguzhali, Anna University, poongs@annauniv.edu

Internal Experts
1. Dr. T.Jayanthi, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com

2. Dr. Meenakshi, Professor of ECE, CEG,

Anna University, meena68@annauniv.edu

2. Mrs.G.Anitha, SRMIST

3. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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T|P|C
Course Code 15EC363 Course Name MEDICAL IMAGE PROCESSING Course E Professional Elective
Category 2 0 2 3
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Ot (PLO)
CLR-1: Understand the fund: | image operations and image transforms 1 2 3 1 2 3 4 5 6 7 8 9 |10 | 11|12 |13 | 14 | 15
CLR-2:  |Apply various image enhancement techniques in enhancing the medial images ’g Sl e = z — E
= | = S = s a S

CLR-3:  |Analyze the various types of image segmentation algorithms 2l &l =e o = s § £ ° 2w § o
CLR-4: Gain knowledge in Image compression and image registration methods Tc:; § § § § ¢ | g % i § . § § é E
CLR-5: |Understand the image reconstruction techniques used in reconstruction of medical images £/ %8| 8 £ _ﬁ § 5 g é z g s = é 5 = =8
CLR-6: | The leamer gains knowledge in Image retrieval and digital image watermarking eSS 2| £/ 8 &8/ 28|3|%8 | 8|5 3/88283

5 8|2 gle 2|8 2|E S| 5| 2| g |c5lasg

T/ g 8 £13|8 2|8 8 2|g/2|E 8 2l35ss
Course Learning O (CLO): |AI the end of this course, learners will be able to: ERE-E sl 2 8|l2|l2 8|8l & 2|38 8 |o2gg2
CLO-1:  |Describe the 2D Sampling theory and different types of image transforms 1,2 80 | 70 M
CLO-2: Imple the image ent techniques for improving the quality of medical images 2 8 |70 M
CLO-3:  |Apply the different image segmentation algorithms for various medical applications 2|80 | 70 M M M L
CLO-4: |Differentiate and analyze the various image compression and registration algorithms 3180 |70
CLO-5: |Analyze the various image reconstruction methods used for medical images 3|80 |70 M M L
CLO-6: |lllustrate the concepts of wavelet transform and digital image water marking 3|80 |70 M

Fundamental Image Operations and

Image Enhancement methods

Image Segmentation Algorithms

Image compression and

Image Reconstruction Methods

Duration (hour) Transforms image registration methods
12 12 12 12 12
SLO-1 E;ehments of VlsuaI‘Perce;;tlan- gtructure Basic gray Ievelltranrsf‘ormatn;'n-l image Morphological operations-Erosion Image compression-Introduction Znage reconfstructlon from projections-
51 g ! Lft]rtnan eye and Znag{e{ormai;on réeg:;rtlvet, l?tetn;l{y S :jcmg tep niques adon transform- derivation
o |Brightness range adaptation an ontrast stretching, dynamic range . . ;
SLo-2 discrimination compression and bit plane slicing Dilation Types of redundancies Properties
’ . . o . . . Inverse radon transform- convolution
52 SLO-1 |Image sampling-2D sampling Theory Histogram equalization Image opening Huffman coding technique back projection
SLO-2 |Reconstruction from its samples Histogram specification Image closing Procedure Filter back projection
SLo-1 Lab4: Gra i i : i
g . . . . : Gray transformation and histogram . . . X . Lab 13: Image reconstruction from
S-3,4 sL02 Lab1: Basic operations on images equalization Lab 7: Morphological operations Lab 10: Image compression projection data
SLO-1 Quant/zatlon- optimal mean square Image smopthenmg in spatial domain - | Edge detection- Marr hildreth edge Image registration- Introduction D/g{lal {mplementa(/on of filter back
S5 quantizer Low pass filter detector projection- Block diagram
SLO-2 |Uniform quantizer Median filter Algorithm Dimensionality transformation Algorithm
SLO-1 Nelrghbor‘hood pixel refationships- Image shargenmg in spatial d omain - Canny edge detection- smoothing Rigid registration algorithm Wavelet transform-Introduction
s6 adjacencies High pass filter, high boost filter - ; i .
y . R lon maxima suppression ani R . )
SLO-2 |Distance measures Derivative filters thresholding Rigid registration algorithm Algorithm
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SLO-1 X ; ; i
S-7,8 Lab2: Image transforms in spatial domain éﬁg{f‘ Image smoothening using suitable Lab 8: Edge detection techniques Lab 11: Image registration Lab 14: Wavelet transform
SLO-2
SLO-1 |Image transform -DFT, DCT Image smoothening in frequency domain | Thresholding —basics Registration of MRI and PET images Digital image watermarking-Introduction
$-9
SLO-2 |Properties Image sharpening in frequency domain | Global thresholding algorithm Clinical applications Applications
SLO-1 |Haar Transform Color image processing-Introduction Reg/qn baseq segmentation-region Registration of MRI and CT images Image retrieval-Introduction
$-10 growing algorithm
SLO-2 |Properties Color models Region splitting and merging algorithm | Clinical applications Content based image retrieval
SLO-1 X p X P ; ; . ; .
$11,12 LabS._ Image transforms in frequency L_ab 6: Image sharpening using suitable |Lab9: Image segmentation using Lab 12: Fusion of MRI and CT images Lab 15: Digital image watermarking
SLO-2 domain filters Thresholding
Leamni 3. Rafael C., Gonzalez and Richard E. Woods, ‘Digital Image Processing’, Pearson Education Asia, Third 5. Joseph V.Hajnal, Derek L.G.Hill, David J Hawkes, “Medical image registration”,
earning Edition, 2007 Biomedical Engineering series, CRC press, 2001
Resources tion, 2 o ) ! ) N jomedical Engineering series, press, .
4. Anilk.Jain, “Fundamentals of Digital image processing’”, Prentice Hall of Indiia, 2" edlition 1997.
Learning A
, Continuous Learning Assessment (50% weightage) ) - o
Lo poms CLA— 1 (10%) CLA-2 (15%) CLA- 3 (15%) CLA—4 (10%)F Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 20% 20% 15% 15% 15% 15% 15% 15% 15% 15%
Understand
Level 2 ﬁgg:ize 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Evaluat
Level 3 Creats 10% 10% 15% 15% 15% 15% 15% 1% 15% 15%
Total 100 % 100 % 100 % 100 % -
# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
Course Designers
Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com 1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu 1., Dr. U. Snekhalatha, SRMIST
2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com 2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu |2. Dr. D. Ashok kumar, SRMIST
3. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com 3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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L|T|P|C
Course 18ECE364T Course Body Area Network and Mobile Healthcare Course E Professional Elective
Code Name Category 31001 3
Pre-requisite Co-requisite . Progressive §
Courses 18ECC205) ‘ Courses Ni Courses Ni
Course Offering Department ‘ Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil
The purpose of the learning this course is to provide an overview of the technical
Course Learning Rationale (CLR): |background of Body Area Networks (BAN) and its application in health care using mobile Learning Program Learning Outcomes (PLO)
technology
CLR-1: |Comprehend technical information and challenges in WBAN. 1 1123|456 8,9 (10[11[12[13|14 |15
CLR-2: |Describe the hardware requirements of BAN ° €
CLR-3: |Review the wearable sensors and standards for BAN ElE s 5 = - s g
CLR-4: |Describe the mobile devices that is available for health care 2|3 & 8 =8 2 § 3 2i2 |&
D 5 2| o = s 5 £
CLR-5: |Summarize the possible and latest applications of mobile healthcare = g % e 5|58 a2 £ gl g2 EERES
—— £l 8 S 22|23 |2|= S| 5 EloE65ELd
CLR-6: |Learn about context-aware health care applications 5 % g E, E gl &ls|3z ; K f; ERES &c é é £ g
515 38 Sle|2|gls |2 E 3|5|Z | 2|aegGEs
o5 |35 8 5§l c|8||=]|s H S| 6 |l<gNss T
- , . -t IR AE-IR AR-RE-NE-RE R AR YE-RPS IS S
Course Learning Outcomes (CLO): |Atthe end of this course, leamns will be able to : ERER 2l 8l2|2| 8|l2l5l2|l8|&|le|lptpio
CLO-1: |List out the BAN challenges 1180175 L
CLO-2: |/dentify the hardware necessary for BAN 1180175 L
CLO-3: |List and describe the various wearable sensors 1,21 80|75 L
CLO-4: |Appreciate the mobile devices available for healthcare 1.2( 80|75 L
CLO-5: |List the latest applications and research opportunities with mobile healthcare. 28075 L
CLO-6: | Think about context-aware health care solutions 318075 M
Duration Learning Unit / Module 1 Learning Unit / Module 2 Learning Unit / Module 3 Learning Unit / Module 4 Learning Unit / Module 5
(hour) 9 9 9 9 9
SLO-1 |BAN-Definition Processor in BAN RF communication Sensors for wearable system Mobile health technologies
S-1 - -
SLO-2 |Terminologies used with BAN Low Power MCUs RF communication in and around the body Z;V;Z?a[;/{s:sy stem design for specific Mobile nutrition tracking
SLO-1 | Technical Challenges Mobile Computing MCU Antennal Design Wearable system for ECG monitoring, »:\ecccoerzsmg existing virtual electronic patient
S22
SLO-2 |Sensor design concepts Integrated processor Antenna testing Wearable system for EEG monitoring, Mobile personal health records,
SLO-1 | Types of sensors Radio transceiver along with the processor | Propagation issues Wearable system for Gait analysis Monitoring hospital patients,
$3
SLO-2 |Biocompatibility issues Integrated processor with Memory Base Station considerations Evaluation of general performance Sensing vital signs
SLO-1 |Energy Requirements Antenna for BAN Network topology Evaluation of night time performance Transmission using wireless networks
S-4
SLO-2 |Energy supply Antenna Requirements Stand - Alone BAN Evaluation parameters Continuous monitoring
§-5 | SLO-1 | Nodes, number of node Antenna Considerations Wireless personal Area Network Latest health monitoring methods Patient Monitoring and wearable devices
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$LO-2 | Optimal node placement in BAN Types of antenna Wireless p_ersonal Area Network Smart phone based health care monitoring Patlgnt Monitoring in Diverse
Technologies system Environments
SLO-1 |System security Wire antenna IEEE 802.15.1 Phone based fall risk prediction A framewgﬂ( for Capturing P?"e”,‘ Consent
56 in Pervasive Healthcare Applications
SLO-2 |System Reliability Ceramic antenna IEEE P802.15.13 Emergency alerts M-health application
SLO-1 |BAN Standards External antenna IEEE 702.15.14 RFI.D based personal mobile medical Context aware sensing
7 Technology Enablers for context-Aware
SLO-2 |BAN with other standards Sensor Interface Zigbee Other similar technologies L
healthcare Applications
SLO-1 |BAN Architecture Considerations on the interface BAN and WBAN technologies Infusing image processing capabilities Case study |
S-8
SLO-2 |BAN and other technologies Power sources- Batteries Limitations in use Secure medical sensor network with HIP | Case study
SLO-1 |BAN and Healthcare Fuel cells for sensor nodes. Coexistence issues with BAN Diagnostic applications Case study Il
S99
SLO-2 |Medical Applications of BAN Other novel power sources Other practical considerations Therapeutic applications Case study Il
1. Annalisa Bonfiglio, Danilo De Rossi, “ Wearable Monitoring Systems”, Springer, 2011. 6.  Konstantina, James C. Lin, Dimitrios, Maria Teresa, “ Wireless mobile communication
2. Philip Olla, Josep Tan, “ Mobile Health solutions for Biomedical applications”, Medical Information science and healthcare”, Secon I ional fe , Mobihealth 2011, Springers
Learnin reference, Hershey New York, IGI Global 2009. 2011.
Resourcges 3. Zhang, Yuan-Ting, Wearable Medical Sensors and systems, Sringers, 2013. 7. Ullah, Sana, Et at, “ A review of wireless body area ks for medical applications”,
4. Guang-Zhogn Yang(ED), “ Body Sensor Networks’, Springers, 2013 arXiv: 1001.083, 2010
5. Mehmet R. Yuce Jamil Y.Khan, “ Wireless Body Area Networks Technology, Implementation and 8. Patel, Shyamal, Et al, “ A review of bl and sy with appli in
applications”, Pan Standford Pte. Ltd., Singapore, 2012 rehabilitation”, Neuroeng Rehabil 9.12, 2012, 1-17.
Learning A t
, Continuous Learning Assessment (50% weightage) ) - o
Leveli'?m:km CLA—1(10%) CLA -2 (15%) CLA -3 (15%) CLA -4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Remember o o o o o
Level 1 Understand 40 % - 30% - 30 % - 30% 30%
Level 2 Apply 0% - 0% - 0% - 0% 40%
Analyze
Level 3 Eulugto 20% - 30% - 30% - 30% 30%
reate
Total 100 % 100 % 100 % 100 % 100 %
# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
Course Designers
Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananiayagopal@mindray.com | 1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu Dr. Varshini Karthik, SRMIST
2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com 2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu Dr. U. SRMIST
3. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com 3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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TP
Course Code 18ECE365T Course Name Bio-inspired Human Machine Interface Course Category E Professional Electives 3 ol
Pre-requisite NIL Co-requisite NIL Progressive NIL
Courses Courses Courses
Course Offering Department ‘ Electronics and Communication Engineering ‘Data Book / Codes/ Standards NIL
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning O (PLO)
CLR-1: Study the HMI design, principles and standards 2 3 1 2 3 4 5 6 7 8 9 |10 | 11|12 |13 | 14 | 15
CLR-2: Attain knowledge in optic and acoustic based HMI design z e o = 25 Blze
- — — 2 | a 2 S 8 =2 =|(&8
CLR-3: Acquire knowledge in Bioelectric interfaces = S |E < = | o § 5| o 89,85
CLR-4: |Study the brain signal based HMI design E |8 |8 gz &35 |s gl s|5 | €55 5E28
N — - - E | | s 2 = 5 =2 = et § 5823 <
CLR-5: Have an insight knowledge in advanced HMI design % . % § E = .i:’ 5 é § b g % k) > g_ E ﬁ % , :;
68 | 8 £l2| 5|25 § B|es/g| 2| E 8|3 |5:a88%
Course Learning Out (CLO): [At the end of this course, learners will be able to: SERESE 2|2/ 8|28 2 |8|Z35 2|85 |2|2|92585(88
CLO-1: Explain the basics, rules and generic design flow of HMI systems 3 |80 |75 M| M L
CLO-2: Explain and analyze the optic and Acoustic based HMI systems 3 8 |70 M| M L
CLO-3: Analyze and discuss the bioelectric based HMI design 3|75 70 M| M L
CLO-4: Explain and analyze brain signal based HMI design 3 180 |75 M| M L
CLO-5: Analyze and discuss the advances and challenges in HMI design 3180 |70 M| M L
CLO-6: Design a biomimetic system for neural prosthesis 3 /80 |75 M| M L
Duration (hour) 9 9 9 9 9
SLO-1  |Introduction to HMI Vision based HMI design-Introduction- | Bioelectric Interfaces-Introduction Brain Computer Interfaces-Introduction ﬁ)ftfreoﬁg/ceﬁgsmputmg based fitd-
S-1 ; -
SLO-2 | Need for HMI systems Face Recognition-Signal Acquisition Myoelectric interfaces-Introduction brain regions and responsibilities ﬁgssl{‘sﬁogompwmg based HMI-Data
SLO-1 | Types of HMI Face Recognition-Data Analysis Muscle regions and responsibilities Actl/vle methods for measuring brain Affect{vle Qomputmg based HMH-Data
52 = ] act/ylty i i Cla3§/ﬂgat/on i i
SLO-2  |Types of HMI VISIOn' bas«_ed HMI design-Data Methods for measuring muscle activity Act_lv_e methods for measuring brain Application of Affective Computing based
Classification activity(Contd.)
SLO-1  |HMI-guideli Gait Recognition-Signal Acquisition Myoelectric Signal -Data Analysis Invasive BCI Wearable Computing-Introduction
$-3 - Gait Recognition-Data Analysis & Myoelectric Signal -Data - "
SLO-2  |HMiI-principles Classification Analysis(Contd.) Non-invasive BC/ Wearable Computing
SLO1  |HMi-standards Gesture Recognition-Data Analysis |1 iectric Signal ~Data Classification | EEG based BCI Tactile based HMI
S-4 &(Classification
SLO-2  |HMI-Ethical Issues People tracking Application of Myoelectric HMI P300 based BC/ Tactile based HMI
s5 SLO-1  |Interaction design-basics LED based HMI system ECG based HMI design VEP based BCI Motion based HMI
SLO-2  |Interaction design-Design rules LASER based HMI system ECG based HMI design(Contd.) NIRS based BCI Motion based HMI
SLO-1  |HMI Systems-Data Collection Speech Communication EOG based HMI design-Introduction Application in Prosthetic Control Biomimetic design of neural prosthesis
S-6 Pl
SLO-2  |HMI Systems-Data Analysis Speech Communication (Contd.) A[j:?qiigfnf;d HMI design-Signal Application in Prosthetic Control Biomimetic design of neural prosthesis
S-7 SLO-1  |HMI Systems-Design Fundamentals of Speech Recognition EOG based HMI design-Signal Analysis | Neurorehabilitation Intracranial human machine interfaces for

communication and control

B.Tech-ECE (BME)

SRM Institute of Science & Technology — Academic Curricula (2018 Regulations)

68



g g . Fundamentals of Speech EOG based HMI design-Signal P, Intracranial human machine interfaces for
SLO-2 | HMI Systems-Prototyping Recognition(Contd.) Analysis(Contd.) Neurorehabiltation communication and control
SLO-1  |Evaluation of HMI Systems Automatic Speech Recognition g?G .bése,d HMI design-Signal Neuromarketing M”’?’"’Odal approaches for advanced HiI
s-8 assification - destgn
SLO-2 | Evaluation of HMI Systems Automatic Speech Recognition(Contd.) EoG pased HMI design-Signal Neuromarketing Mul{lmoda/ approaches for advanced HI
Classification(Contd.) design
SLO-1 | Bio-inspired HMI Systems Multimodal Interaction &Approaches Applications of EOG based HMI Brain controlled wheel chairs Zfez;lgggodal approaches for advanced HMI
S-9 - - ;
SLO-2  |Bio-inspired HMI Systems %Lgmz;dal Interaction &Approaches Applications of EOG based HMI (Contd.) | Brain controlled wheel chairs Zf;g:godal approaches for advanced HiI
1. Yvonne Rogers, Helen Sharp, Jenny Preece, “Interaction Design: Beyond Human
Computer Interaction”, 3rd Edition, Willey Publisher, 2012. 4. Rajesh P. N. Rao, “Brain-Computer Interfacing : An Introduction”, Cambridge University
Learning 2. PCYuen YYTang, PSP Wang, “Multimodal Interface For Human-Machine Press, 2013
Resources Communication”, World Scientific, 2002. 5. Masaki Kurosu, Human-Computer Interaction. User Interface Design, Development and
3. Aboul-Ella Hassanien and Ahmad Taher Azar, “Brain-Computer Interfaces:Current Trends Multimodality, Springer International Publishing AG, 2017
and Applications”, Springer International Publishing AG, 2016.
Learning A
, Continuous Learning Assessment (50% weightage) ) - o
Leveli’?%“i:km CLA-1(10%) CLA -2 (15%) CLA- 3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 30% - 30% - 0% - 0% 30%
Understand
Level 2 Apply 0% - 0% - 0% - 0% . 40%
Analyze
Level 3 Evaluate 30% - 30% - 30% - 30% 30%
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA — 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananiayagopal@mindray.com

Ex

perts from Higher Technical Institutions

1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu

Internal Experts
1. Dr.Hariharan, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

2. Dr.U.Snekhalatha, SRMIST

. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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L|T|P
Course 18ECE366T Course Implantable Bioelectronics Course E Professional Elective
Code Name Category 3/0|013
Pre-requisite Co-requisite |, . Progressive |, .
Courses 18EES101J ‘ Courses Ni Courses Nil
Course Offering Department ‘ Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): The purpose of Ie_ammg_ this course is to provide a cognizance of striking a balance between Learning Program Learning Outcomes (PLO)
electronics and biomedical engineering
CLR-1: |Comprehend technical information about miniaturized Implantable Biomedical devices 1123 1123|456 |7|8|9/[10[11]12[13]14[15
CLR-2: |Introduce to neural interfaces and cyborgs g Sl 5 z = la E
CLR-3: |Know about implantable user interface and CMOS imaging systems slzlg o =g E £ ° 243 z d
CLR-4: |Learn about implantable electronics biocompatibility criteria and telemetry § § qé é g &g 3 i E - § g é gg
CLR-5: |Know the key design trends in implantable systems 2|8 & glg | & g 5 Els|s g Edsfls
CLR-6: |Know the future of Biomedical Implantable systems eI 2| 2/&8|8|38/3|% | 3|5 3|8883c¢k
5|2 e S| e |®|as|'2|2|E S| 5= 2|cf§C9EY
2|1 5| o 2| 5| g|a | E| 2| 5| a|l3| 8| B| S |cdJdEsE
' . 3| 2|8 S s 25|38l 8| z2|E|le|2|loEssad
Course Learning Out (CLO): |At the end of this course, learers will be able to: 2158 slel8l 2|28 l8 El2|8|8|l8|psgpsny
CLO-1: |Describe the design of Implantable Biomedical Devices 1,2| 80| 75 M
CLO-2: |Tell about neural interfaces and cyborgs 80| 75 L
CLO-3: |Describe about implantable user interface and CMOS imaging systems 1280 |75 M
CLO-4: |Tell about implantable electronics biocompatibility criteria and telemetry 1180175 L|L
CLO-5: |Consolidate on design trends in implantable systems 238075 L L
CLO-6: |Summarize the future of Biomedical Implantable systems 23|80 |75 L
Duration Learning Unit / Module 1 Learning Unit / Module 2 Learning Unit / Module 3 Learning Unit / Module 4 Learning Unit / Module 5
(hour) 9 9 9 9 9
SLO-1 |Bioelectronics-Introduction Neural interfaces and cyborgs- introduction | Implantable user interfaces Biotelemtry f}zslgg;strends in Biomedical Implantable
§-1 -
SLO-2 E”.e.’ 9 f_-lan{}eitmg asa Pathway to Fusing Robotics with the Human Body Design Considerations Inductive Link for Forward Data Design of Implant Systems-
SLO-1 |Implantable Devices Anatomy of Peripheral Nerves ﬁ‘;zf_‘;:ctg’g Basic Implanted User Wireless Power Link Review-History
52 Interfacing with the periphery for recording o . Basic Considerations and
SLO-2 |Impl ion of Implantable Devices N y Qualitative Evaluation, Implantable device with external units |Characteristics of RF MEMS
and stimulation o,
Implantable Sy
. T . ) . . . Legal Considerations of the Radio
SLO-1 |RF Power Harvesting Listening to the Brain Medical Considerations Implantable Telemetry Link
s3 i Frequency (RF)
SLO-2 |Matching network, rectifier, g;zgismg with the Central Nervous Limitations Wideband telemetry links Field Strength
SLO-1 |Regulator and band gap reference gﬁg Modulation of the Human Nervous CMOS Imaging Devices Multichannel neural recording systems Power Levels
S-4
8SLO-2 |Implant functional block Pain Modulation Fundamentals of CMOS Imaging Wireless endoscope Biocompatibility
§-5 | SLO-1 |Wireless Communication Link, Electrical Modulation of Inflammation Photo sensors, Microelectrode Arrays Protection of the Biomedical Implant
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SLO-2 |Forward and reserve data link Cyborgs Log sensors Interface Electronics Sy st_ems—(?haracterls(/cs of Biological and
Medical Signals
SLO-1 |Payload The Neuro-Tech Version SPAD sensors Electrode equivalent circuit geSIgn conglderahons of Imp /aqtab/e .
56 ystems, Micro power Electronic Design
SLO-2 |Applications Biological Brains in a Robot Body Artificial Retina Stimulation Front Ends Approaches
SLO-1 |Locomotive Implant Deep Brain Stimulation Principle of Artificial Retina Recording Front-Ends Samples
S-7 P " -
SLO-2 |Implantable Cardiac Probe, General Purpose Brain Implants gg:zgfl Retina Based on CMOS Imaging Instrumentation amplifier Power Supply design.
g L . . . . .. |Improving the Biocompatibility of . )
st SLO-1 |Communication power delivery Brain-Computer Interfaces Brain-Implantable CMOS Imaging Device Implantable Bioelectronics Devices. System integration
SLO-2 S‘Y stem ngmlew of a Generic Noninvasive Brain-Computer Interfaces | Measurement Methods for Brain Activities Imp laqtable Bioeletronics Devices Micro-Packages,
Bioelectronics Implant Materials
SLO-1 g"cmt Qes:gn for Low-Power Signal Sub dermal Magnetic Implants g:ber Endoscope and Head-Mountable Surface Composition Present Challenges,
59 Amfojss/{nﬂ. Level Optimization for L — Nano-Enabled Implantable Device for
o |Architecture-Level Optimization for Low- — . lano-Enabled Implantable Device for In
SLO-2 Power Data Processing RF ID Implants. Summary and future directions Response to Implantation Vivo Glucose Monitoring
. 1. Evgeny Katz, “Implantable Biolectronics Devices materials and Applications”, Wiley-VCH, 2014. By . . . . e
II;ZZ:‘\:lr‘ges 2. Vinod Kumar Khanna, “Implantable Medical Electronics Prosthetics, Drug Delivery and Health 8 gﬁ;éf’;eg’;%a/\ Stzzztgsf"ng’sg/?:f rgg;i;awan, Impiantable Biomedical Microsystems: Design
Monitoring”, Springer, 2016 p P ! ! .
Learning A
, Continuous Learning Assessment (50% weightage) ) - o
Lo poms CLA=1(10%) CLA=2 (15%) CLA- 3 (15%) CLA—4 (10%)F Final Examination (50% weightage)
9 Theory Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 30% - 0% - 0% - 30% 30%
Understand
Level 2 Apply 0% - 0% - 0% 0% . 40%
Analyze
Evaluate
Level 3 Creat 30% - 30% - 30% 30% 30%
reate
Total 100 % 100 % 100 % 100 % -

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com
2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com

1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu
2. Dr. Meenakshi, Professor of ECE, CEG, Anna University,

meenab8@annauniv.edu

Dr. Varshini Karthik, SRMIST
Mr.Karthik Raj, SRMIST

. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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Course Course Course ) . L T/P|C
Code 18ECE367T Name TROUBLESHOOTING AND REGULATORY AFFAIRS IN MEDICAL INSTRUMENTS Category E Professional Elective a0l 03
Pre-requisite 18ECC201J. 18ECE260J Co-requisite Nil Progressive Nil
Courses i Courses Courses
Course Offering Department ‘ Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): ‘The purpose of learning this course is to: Learning Program Learning Ot (PLO)
CLR-1: |Understand the fundamental troubleshooting procedures and testing of basic electronic components 17123 1123|456 |7 8|9 [10[11|12[13|14]15
CLR-2: |Get an idea about the fault diagnosis in analog circuits and digital ICs. ’g Sl e 5 = « E
| = = 3 a g
CLR-3: |Acquire an idea about the basic troubleshooting procedures for biomedical equipment 2zl e o = ] § £ ® 2w § g
CLR-4: |Get an idea about the medical device classification globally and regulatory standards =8| 8 3 El&| g 2 = g > 388 E
- ’ - ’ - £18| € 2l 2 8| | 8|le|la £ £ 2|28 E=
CLR-5: |Get an idea about the Indian perspective medical device regulatory system |88 228|382 § 5| £ 5§25 E
CLR-6: |Get an overall idea about the importance of troubleshooting and medical device classification in India E % % 2 E § a '?_3 g E’ o | 8 ;., i} § g8 £
512|8 gl E|S|g|le|>=]¢< ERR-AE=Ri-Riy - ke
21 8|8 5 5|2 5/8/ 82 8|2 121999 g
Course Learning O (CLO): |At the end of this course, learners will be able to: § u% u% 2lel8l2|8|8|E|&5|¢2 § g2 § £ § g
CLO Apply the common troubleshooting procedures in Electronic Equipment and Outline the testing procedures of active and 12080170 VR : o o
" |passive components !
CLO-2: |Analyze the faults in analog circuits and digital ICs 1,2| 80|70 M| - -] - - - - M- -
CLO-3: |ldentify the problems in common biomedical equipment in hospitals when it is not working and provide a suitable solution 2 80|70 M- -|-]- - - - - M -
CLO-4: |Outline the importance of medical device classification based on the application and ISO standards 118070 - H| - -] - - - - M| - M| -
CLO-5: |Describe the Indian medical device regulatory system 1180|70 - -] -] - - - - M -] -] -
CLO-6 : |Outline the job opportunities in regulatory affairs in India 1218070 R - |- - L -] - -
X Basic Troubleshooting Techniques& If::ltrzl:dgg‘i)rsclziltrs] :\:glﬁg’mne'gcﬁl Biomedical Machine Troubleshooting in|  Medical Device Classification and Medical Device Regulatory System in
Duration Testing Procedures 9 N Hospitals Standards India
(hour) device
9 9 9 9 9
. . p o . . . Global Harmonization Task Force (GHTF)
o1 SLO-1 |Equipment failure and its types Characteristics of ideal op-amps Troubleshooting- ECG Machine definition for medical device Importance of regulatory system
SLO-2 |Causes of Equipment failure Typical op-amp based medical circuits And its preventive maintenance g;g::iig;‘gce Life Cycle: Identify, Market Overview
4 | Functional block diagram of a . g e . . Medical Device Life Cycle: Optimize, . .
2 SLO-1 troubleshooting system Typical op-amp based medical circuits Troubleshooting- EEG Machine VerifyValidate Overview of Regulatory Environment
_, | Functional block diagram of a Fault diagnosis in op-amp circuits p " . Global Perspective on medical device . .
SLO-2 troubleshooting system And its preventive maintenance regulations: USA, European Union Overview of Regulatory Environment
SLO-1 | Troubleshooting process i:'xample: Inyemng amplifier Troub]eshootmg- defibrillator, suction Global Perslpectlve on med/cgl device Functions Undertaken by DCGI and
53 roubleshooting process machine regulations: Canada, Australia, Japan gentfl Go&e;nrze:t e
y o . L . . . ) . gL unctions Undertaken by the an
SLO-2 |Fault finding aids Typical Faults in digital circuits And its preventive maintenance Medical device classification: USA State Governments
1 | Troubleshooting techniques: Preliminary | Different testing methods in digital circuits: - . p Medical device classification: European " . o
4 SLO-1 Observations Functional Testing, DC Test Troubleshooting- electrosurgical unit Union, GHTF Indian Pharmacopoeia Commission
SLO-2 Troub/elshoonng techniques: Functional AC Test And its preventive maintenance Premarket Notification 510(k), Premarket Details of Key Regulator
block diagram approach Approval
$-5 | SLO-1 Egtt;'lysshoo{mg fechniques: Spiit half g;gz:l [C Troubleshooter, Logic dlip, Logic Troubleshooting- anesthesia machine Standards and its need Organization Chart — CDSCO
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SLO-2 Application o_f Spit half method in circuit D/g_rtal [C Troubleshooters: Logic pulser, And its preventive maintenance 1SO 9000 core standards: Basic overview |Role of Distributors or Local Subsidiaries
troubleshooting Logic current tracer
SLO-1 ;roub/eshoo{(ng fechniques: Systematic | Digtal IC Troubleshoofers: Logic Troubleshooting- autoclaves & sterilizers |/SO 13485: Basic overview Product Registration
56 roubleshooting comparator -
SLO-2 |Correction action Circuit board Troubleshooting And its preventive maintenance I1SO 14971: Basic overview Mar]ufac‘tur{ng site and product
registration: process flow chart
SLO-1 EZ?;"C%:S’J assive components: Resistors, Troubleshooting- oxygen concentrators Troubleshooting- endoscope 1SO 10933: Basic overview Quality System Regulation
S-7 ; - - - -
o | Testing of passive components: Inductors, . ) . . ) . o . Technical Material Requirement &
SLO-2 Diodes, LDR And its preventive maintenance And its preventive maintenance 1SO 14155: Basic overview Labelling Requirement of Medical Device
SLO-1 |Testing of active components: BJT ;roub/eshoatmg- sphygmomanometers, Troubleshooting- incubators I1SO 11607: Basic overview Manufacturing-Related Regulation
S8 nalog Blood pressure apparatus
SLO-2 |Testing of active components: JFET And its preventive maintenance And its preventive maintenance 1SO 11137: Basic overview Clinical Trial-Related Regulation
SLO-1 |Testing of active components: MOSFET | Troubleshooting- nebulizer Troubleshooting- X-ray Machine IEC 60601: Basic overview Commercial Aspect
$9
SLO-2 Tlestmg of variable resistors and its And its preventive maintenance And its preventive maintenance IEC 62353: Basic overview Rg/ajeq Agencies/Departments and
different types Ministries
1. Joseph D Bronzino& Donald R Peterson, “Medical Devices and Human Engineering”, CRC 7. “Medical Device Regulations Global overview and guiding principles”, World Health Organization Geneva,
Press, 4 Edition, 2015 2003
2. Myer Kutz, “Biomedical Engineering and Design Handbook- Volume 2: Applications”, McGraw- 8. Jack Wong and Raymond K Y Tong, “Handbook of Medical device regulatory affairs in Asia”, Pan Stanford
Hill, 2 Edition, 2009 Publishing Pte. Ltd., 2"Edition, 2018
Learnin 3. Richard Fries, ‘Reliable Design of Medical Devices”, CRC Press, 2" Edition, 2006 9. Khandpur R S, “Troubleshooting Electronic Equipment- Includes Repair & Maintenance”, Tata McGraw-Hill,
Resourges 4. Basem S EL-Haik & Khalid S Mekki, ‘Medical Device Design for Six Sigma: A Road Map for 20d Edition, 2009
Safety and Effectiveness’, John Wiley & Sons, 1t Edition, 2008 10.  Nicholas Cram & Selby Holder, “Basic Electronic Troubleshooting for Biomedical Technicians”, TSTC
5. John J Tobin & Gary Walsh, “Medical Product Regulatory Affairs- Pharmaceutical, Diagnostics, Publishing, 2 edition, 2010
Medical Devices”, Wiley-Blackwell, 1t Edition, 2008 11. Dan Tomal& Neal Widmer, “Electronic Troubleshooting”, McGraw Hill, 3 edition, 2004
6. Norbert Leitgeb, “Safety of Electromedical Devices Law — Risks — Opportunities”, 12. Ministry of Health &Family Welfare, “Medical Equipment Maintenance Manual- A first line maintenance
SpringerWienNewYork, 15t Edition, 2010 guide for end users”, New Delhi, 2010
Learning A
8 Continuous Learning Assessment (50% weightage) N - (P
Leveli‘;’mﬁkin CLA—1 (10%) CLA-2 (15%) CLA- 3 (16%) CLA—4 (10%)F Final Examinafion (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Remember o } o ) o ) o o
Level 1 Understand 40 % 40% 40 % 30 % 30%
Apply 9 B 9 B 9 B 9 a
Level 2 Analyze 40% 40% 40 % 40 % 40%
Level 3 Evalugte 20% - 20% . 0% . 0% 30%
reate
Total 100 % 100 % 100 % 100 % 100 %
# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
Course Designers
Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com 1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu 1. Dr. Rajalakshmi S, SRMIST
2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com 2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu |2. Mr. Karthik Raj V, SRMIST
. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com 3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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L|T|P|C
Course 18ECE368T Course Biomedical Laser Instruments Course Professional Elective
Code Name Category 30013
Pre-requisite il Co-requisite il Progressive Nil
Courses Courses Courses
Course Offering Department ‘ Electronics and Communication Engineering Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): |The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Learn the optical characteristics of tissue 1123 112 (34|56 |7 |89 101 |12[13|14 |15
CLR-2: |Know the functioning of a laser system g Sl 5 E = la E
CLR-3: |Familiarise the applications of laser in ophthalmology, Dermatology and cardiology 2 }: = e =5 § % ° 2o § z d
CLR-4: |Fanmiliarise the applications of laser in Urology, Gynecology and dentistry = § qé é Eld| g 3 i E |3 E é gg
CLR-5: |Learn the non- thermal applications of laser in medicine /%8 gleglg|sl 852 Slsls E|EYS48]
6 - i I s > 2|3 8|3|3|¢ 5|2 8(gdgs=2
CLR-6: |Acquire knowledge on laser safety and management % § § % < % 2 'E § g g § ,‘Ej) = g : f é 2 lf
T|Iglg 1885|588 £/ ¢g|2/E 8|2|a5s533
Course Learning O (CLO): |At the end of this course, learners will be able to: R S 2182|218 85181238818 |2£222¢
CLO-1: |Describe the optical properties of tissues 318075 R N N N
CLO-2: |Have a deep understanding on technical aspects of a LASER system 3180170 M| - - - - M| - -
CLO-3: |Describe the applications of laser in ophthalmology, Dermatology and cardiology 3|75|70 M| - - - - - -
CLO-4: |Describe the applications of laser in Urology, Gynecology and dentistry 318075 - M- - -] - - -l -] - - M
CLO-5: |Explain the non- thermal applications of laser in medicine 3180170 S M- - - - - -l - - - M
CLO-6: |Implement the aspects of laser safety 318070 LI N N M| - - - | L
. . . . A Non Thermal Applications of LASER
Duration Optical properties of the tissues LASER System Laser Applications-| Laser Applications-Il and Laser safety management
(hour)
9 9 9 9 9
SLO-1 |Fundamental Properties of light - " .
S-1 Refraction, Reflection, Laws (Snell's law |Characteristics of Laser Disorders in Eye Lasers in urology- Lithotripsy 3‘)”0?, tqoherence tomography-System
SLO-2|and Fresnel law) escription
SLo-1 Construction and working principle of Th [ icati i icati i
Y . L g principle o . . . . erapeutic applications of Lasers in Applications of Optical coherence
S-2 sL02 9, Absorption char. faser systom Diagnostic Applications of laser in ophthalmology urology tomography
SLO-1
S-3 sL02 Light transport inside the tissue Pumping Schemes \Therapeutic Applications of laser in op . )‘ Laproscopy- System description Elastography //£ Commented [MAVM1]:
SLO-1 Laser Induced Fluorescence (LIF)- Commented [MAVM2]:
S-4 Tissue properties Classification of Laser Dermatological disorders Applications of laser in Gynecolo Imaging,
T.] i g i ynecody 9ng Commented [MAVM3R2]:
SLO-1|) aser Ch Solid state Laser - Construction and - . - . . Commented [MAVM4R2]:
S-5 sL02|es applied to medicine and biology, working principle Applications of Lasers in dermatology Applications of laser in Gynecology FLIM Raman Spectroscopy and Imaging
SLO-1 |Laser tissue Interactions — Photo Atomic laser- Construction and workin FLIM - Holographic and speckle
S-6 hemical, Photo thermal and rincivle 9 Diagnostic Applications of Lasers in cardiology Applications of laser in laryngeal surgery |application of lasers in biology and
SLO-2 | Photo mechanical interactions princip medicine
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SLO-1 . i
S-7 Fluo and Speckles ng’iﬁ]"g’%ﬁ?:é Construction and Therapeutic Applications of Lasers in cardiology Applications of laser in Otology Types of laser hazards
SLO-2
SLO-1| Atterations of bio tissue properties during | Dye Laser - Construction and workin . - . laser safet
S-8 SL0-2|hyper thermal and abia tr!zj) n ‘: eactions 9 pz{nciple 9 |Lasersin Surgery Applications of laser in neurology Y
SLO-1 i ~ Princi i g ; . ;
59 Phorodypamlc therapy - Principle and Semlpondgctqr Laser- Construction and Tlssuelweldmg and Applications of Lasers in dentistry laser risk management,
§LO-2|mechanism working principle Soldering
Learnin 1. Leon Goldman, M.D., & R.James Rockwell, Jr., Lasers in Medicine, Gordon and 3 Tuan Vo Dirh, Biomedical Photonics — Handbook, CRC Press, Bocaraton, 2003.
Resourcges Breach Science Publishers Inc., 1975. 4. Glasser, 0., Medical Physics - Vol 1, 2, 3 Adam Hilgar Brustol Inc, 1987.
2. Abraham Katzir, Lasers and Optical Fibers in Medicine, Academic Press Edition, 1998. 5. G.David Baxter, Therapeutic Lasers — Theory and practice, Churchill Livingstone Publications
Learning A t
, Continuous Learning Assessment (50% weightage) ) - o
Leveli'?m:km CLA—1(10%) CLA -2 (15%) CLA -3 (15%) CLA -4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 ﬁﬁ;";:;:ﬁ; 0% - 30% - 30% - 30% 30%
Level 2 ﬁﬁilize 0% . 0% - 0% - 0% 40%
Level 3 Sraluate 30% - 0% - 30% - 30% 30%
Total 100 % 100 % 100 % 100 % 100 %

# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com

1. Dr. 8. Poonguzhali, Anna University, poongs@annauniv.edu

1. Dr. D. Kathirvelu, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

2. Dr. D. Ashok kumar, SRMIST

3. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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L|{T|P
Course |40 cEpoT Course HOME MEDICARE TECHNOLOGY Course | ¢ Professional Elective
Code Name Category 3/0|013
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department ‘ Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Understanding the Home health Nursing practice 1123 1123|456 |7|8|9/[10[11]12[13]14[15
CLR-2: |Explaining the homecare care working with different clients g Sl = z = | a 3
CLR-3: |Demonstrating the various medical devices used at home slzlz 2 =| 8 K = ° 248 d
CLR-4: |Highlighting the advancement in medical technologies = 8 qé k glel g E] = S| o388 |£2
£l L e %) S | & @ A £ <4 il =
CLR-5: |Visualizing the use of wireless technology in health care /8|8 Elelz |88 2|2 Sls|5 | E|89sf8¢E
CLR-6: |Classifying the various mode of healthcare technology at home SIS 2 ;3 81&8|8|3|3 |35 3|8 g8 R
AR gl e|2|g|'e|2|E S 5|2 | 2|%8aRat
/8|8 185 258|882 |E|E S|5Ex835
Course Learning Out (CLOY): [At the end of this course, leamers will be able to: ElR N 2lel8l28|l2 8|2 5|83l &|2|gpg2 g
CLO-1: |Applying Home health Nursing practice 318075 L - -|-1-|-1-]-/-]-|-|-/L]-
CLO-2: |lllustrate the homecare care working with different clients 318070 L - - - - - - - L
CLO-3: |Analyze the various medical devices used at home 375|170 M - -] - L
CLO-4: |ldentify the advancement in medical health technologies 318075 M S - -] -] - - - | L
CLO-5: |Analyze the use of wireless technology in health care 3180170 M| - -]-]-]- S - -] - -] L
CLO-6 : |Describe the various type of healthcare technology at home 318070 L - -|-1-|-/-]-/-]1-/-/|-/|L
Duration Introduction to Home health Nursing Working With Clients Medical Devices At Home Ad In Medical Technologi Wireless Technology
(hour) 9 9 9 9 9
SLO-1 |Home health care — purpose Basic human needs Medical devices at home giﬁrgsjijg d trends in health care Wireless communication basics
S-1 -
SLO-2 |Historical perspective Cc ication and interpersonal skills | Medical devices at home gi‘;;’gs;sgd frends in health care Wireless communication basics
SLO-1 gﬁderstandlpg Home hleathcare:Ap plying Caregiver observation User centered design and Implementation Driver imp; gctmg the growth of medical Types of wireless network
s2 eory to clinical practice Te_chnqlogles_ i
SLO-2 |Role prep and imple Caregiver observation User centered design and Implementation ?ggsgé’g‘;?::ng the growth of medical Types of wireless network
SLO-1 ’L:)’evelop ng ”f plan of care and Recording and reporting, confidentiality | Co-design with old users Impact of Moore’s law of medical imaging |Bodly area network
§3
SLO-2 |Legal and ethical issues in home care |Recording and reporting, confidentiality | Co-design with old users Impact of Moore’s law of medical imaging |Body area network
SLO-1 Ctase management and leadership Working with elderly - aging and body device types — user issues. E-health and personal healthcare Emergency rescue
S-4 strategies svstems, i i
SLO-2 |Organisation of home care system S“;‘;;g‘;g with elderly — aging and body device types — user issues. E-health and personal healthcare Emergency rescue
8-5 | SLO-1 [Home care organisation Working with children Ethical and legal issues. Infant monitors | Defining the future of health Technology ~ |Remote recovery
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Remote recovery

SLO-2 |Home care nursing practice Working with children Ethical and legal issues. Infant monitors | Defining the future of health Technology
. . . . " General health assessments Technology
s6 SLO-1 |Home care nursing practice Need for home care Medical alert services Inventing the future -tools for self-health in medical information processing
SLO-2 Role Of. home care nurse and orientation Need for home care. Medical alert services Inventing the future -tools for self-health Qenergl heg Ith assgssments Tgchnology
strategies in medical information processing
SLO-1 |Environmental influences on home care | Mobility transfers and ambulation Activity monitors gg\%z;f Nano fabrication molecular scale Future trends in healthcare technology
§-7 P
SLO-2 |Environmental influences on home care Mobility transfers and ambulation Activity monitors Zg‘t/';crzsof Nano fabrication molecular scale Future trends in healthcare technology
SLO-1 |Infection control in home Range of motion exercises The ventilator dependent patient Future of telemedicine 5;?;’%27,;’;’; rro;gress: Implications for
S-8 - - - - R STy
SLO-2 |Infection control in home Range of motion exercises Deylce for patient with congestive heart Future of telemedicine Paradoxes of progress: Implications for
failure home health care
SLO-1 |Patient education in home Skin care and comfort measures Device for Pqﬂent with chronic Obstructive Future of medical computing Cost of home healthcare
5.9 pulmonary disease
SLO-2 |Patient education in home Skin care and comfort measures Device for patient with Diabetic Future of medical computing Direction for emerging technology
Learning 1. Robyn Rice, “Home care nursing practice: Concepts and Application”, 4th edition, 3. Yadin David, Wolf W. von Maltzahn, Michael R. Neuman, Joseph. D,Bronzino,“Clinical Engineering”, CRC Press,
Elsevier, 2006. 2010.
Resources 2. LodewijkBos, “Handbook of Digital Homecare: Successes and Failures”, Springer, 2011. |4.  Kenneth J. Turner, “Advances in Home Care Technologies: Results of the match Project”, Springer, 2011.
Learning A
, Continuous Learning Assessment (50% weightage) ) - PP
LeveIBo'?m:km CLA-1(10%) CLA -2 (15%) CLA- 3 (15%) CLA— 4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remermber 30% - 30% - 30% - 30% 30%
Understand
Level 2 Al 0% - 0% - 0% - 0% 40%
nalyze
Level 3 Evaluate 30% - 30% - 30% - 30% 30%
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA — 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com

1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu

1.Dr. D. Ashok Kumar, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University,

meenab8@annauniv.edu

2. Mrs. Lakshmi Prabha.P, SRMIST

3. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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L|T|P
Course | yoecpqgor | Course ACOUSTICS AND OPTICAL IMAGING Course | ¢ Professional Elective
Code Name Category 3/0|013
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department ‘ Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): |The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |To study in-depth the various optical properties of tissues and light interactions with tissues 11213 112 4|56 |7 [8]9/|10]11]12]|13 14|15
CLR-2: |To study about various optical sources and insti jon for various 1t g SIS 5 z = |l a E
CLR-3: |To study about photonic detection and imaging techniques 2 E = 2 =] 8 § £ ®© 2o § z ¢
CLR-4: |To understand the special techniques like optical holography = 8 g g gl&| g g = § |5 & é Tig
CLR-5: | To make them understand the working principles of optical imaging systems Zl%|8 2 é |5 g 5 2 §|s|E|€ EYcE8s
- —— > - — =la | Z ls|3|8|23|3|% AR R
CLR-6: |To Utilize the imaging techniques for various applications Fls|o 2l 0|8 8|9| & 2| 8| 5|2|e58832&
5|22 Sle|2|g|'c|2E S| 5| | 295954
T8 g £12 5| 2|g|8|2|8/2|E|8|2 aEag5a¢8
Course Learning Out (CLO): [At the end of this course, learners will be able to: &l 55 slel8lg|lsl8gl8|lEl2|l8|l&|lt|lpsgpsqy
CLO-1: |Analyze in-depth about the various optical properties of tissues and light interactions with tissues 318075 M| -|-1-1-]-|-1-1-|-|-|-/L]-L
CLO-2: |lllustrate the hardware and techniques involved in acoustic imaging 318070 L - - - - - L -] L
CLO-3: |Describe the optical properties of tissues 317570 L -l - - - L|-|L
CLO-4: |Analyze the physics behind optical holography 318075 M Sl -l -] - - L-L
CLO-5: |ldentify the principle behind modern imaging techniques 318070 M - -] - - - - - L -] L
CLO-6: |Apply the imaging modality for interpretation 318070 M Sl -l -l - L]t
PHOTONIC DETECTION AND IMAGING
Duration PHYSICS OF ACOUSTICS ACOUSTIC IMAGING OPTICAL PROPERTIES OF TISSUES OPTICAL HOLOGRAPHY TECHNIQUES
(hour)
9 9 9 9 9
SLO-1 The sine wave,, sound in media-particle | Fundamentals of photo acousfic Fundamental Optical Properties Fundamentals — Object wave Life time based imaging
S motion tomography
SLO-2 |propagation of sound Photo acoustic effect Refraction, scattering, absorption photography Techniques for Lifetime-Based Imaging
SLO-1 fp eed of sound - wavelength and Image reconstruction methods Light Transport in Tissue holography Specifics of FLIM Data Analysis
S22 = : :
SLO-2 |complex waves- harmonics Instrumentation g’%ﬁ;ﬁ;ﬁf’) proach: Monte Carlo interference during recording Selected FLIM Applications
SLO-1 |Phase, partials ,octaves, spectrum Transducer array Kubelka-Munk Model diffraction during reconstruction confocal microscopy
$3 i D i ] n
SLO-2 elec'tncal, and Lmographya”ay based photoacoustio Tissue Properties Imaging techniques —In line hologram Image Formation in Scanning Microscopes
54 SLO-1 |Wave phenomenon Array-based PAT System Refractive Indices off axis hologram, fourier hologram Applications of Depth Discrimination
SLO-2 |wavefronts, Interference, 2-D Imaging Scattering Properties fraunhofer hologram, reflection hologram | Fluorescence Microscopy
SLO-1 |reflection, scattering 3-D Imaging Absorption Properties Optical properties of holographic imaging | Optical Architectures
S5 - p -
SLO-2 |diffraction, refraction 4-D Imaging Lignt In‘terac?lans with a Strongly hologram of an object Abberation Correction
Scattering Tissue
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Continuous Wave Light , Polarized Light,*
SLO-1 |doppler effect, convection Photoacoustic microscopy Short Light Pulses, Diffuse Photon-Density |Image equation, angular magnification Near-Field Optical Microscopy
S-6 Waves
_, |Sound levels and decibel: ratios versus . . longitudinal magnification, image Biological Applications of Near-Field
SLO-2 differences computed microscopy Optothermal Interactions aberrations Optical Microscopy
SLO-1 |logarithms , decibels, reference levels | Optical-resolution Temperature Rise and Tissue Damage , [I-;’roper(les of light source -spectral Speo/a] Near—F{eIdl Techniques for
S.7 andwidth Biological Applications
Logarithmic and exponential forms . . Optothermal and . Principles of Operation of Optical
SLO-2 Acoustic-resolution . image plane holograms
compared Optoacoustic Effects Coherence Tomography
SLO-1 |acoustic power C-scan photoacoustic Microscopy Fluorescence Image luminance- without pupil ;\.g ;’ ;C;rtg:)';fyOf Opical Coherence
S-8 =L —— -
SLO-2 |Measuring sound pressure level Photoacoustic computed microscopy Formation of Speckles with pupil, image plane holograms ;gzr,:rﬂslmagmg for biological and medical
. Photoacoustic microscopy based on . § . .
s SLO-1 |sine wave measurement acoustic lens with variable focal length Detectors: solid state detectors speckles- diffuser Infrared Radiation and Thermal Imaging
SLO-2 |Examples Cor]foca/ P hqtoacqusnc microscopy using - (time resolved and phase resofved resolution, incoherent illumination Applications of Infrared Thermal Imaging
a single multifunctional Lens detectors
. Za;:.gﬁ" 2%‘/19;951’ Ken Pohimann , “Master Handbook of Acoustics” MeGraw-Hil, sixth 4. Peter R. Hoskins, Kevin Martin, Abigail Thrush, “Diagnostic Ultrasound: Physics and Equipment”, Cambridge
Learnin 2 Huabe} Jiang, “ PhotoacousticTomography” CRC press, Taylor & Francis Group,first university press,second edition, 2010
Resourges . edition, 201 g graphy press, Tay P 5. Gerhard K. Ackermann, Jiirgen Eichler, “Holography: A Practical Approach”, WILEY-VCH Verlag GmbH & Co, first
3. Jose L'L”,S dei Cura, Pedro Segui, Carlos Nicolau, “Leaming Ultrasound 6 ?’Zzir‘ry\]}g g(l)l’i “Biomedical photonics — Handbook”, CRC Press, second edition, 2003
Imagingspringer,first edition 2012. ) ! P ! ! !
Learning A
, Continuous Learning Assessment (50% weightage) ) - o o
LevelB;?m:kin CLA-1(10%) CLA -2 (15%) CLA- 3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remermber 30% - 30% - 30% - 30% 30%
Understand
Level 2 Aoply 0% . 0% . 0% . 0% 40%
nalyze
Level 3 Evaluate 0% - 0% - 0% - 0% . 30%
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA — 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Desig

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com

1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu

1. Dr. P. Vinupritha, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University,

meenab8@annauniv.edu

2. Dr.D.Kathirvelu, SRMIST

3. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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L|T|P|C
Course | yopcpqgy | Course MACHINE VISION IN MEDICAL TECHNOLOGY Course | o Professional Elective
Code Name Category 30013
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department ‘ Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Utilize the types and concepts of machine vision 1123 1123|456 |7|8|9/[10[11]12[13]14[15
CLR-2: |Utilize the techniques involved in motion analysis g Sl 5 z = | a 3
CLR-3: |Utilize the properties and techniques in 3D reconstruction s Sk o =| 5 K = ° 248 d
CLR-4: | Utilize the algorithm behind different methods of photogrammetry o8 £ g 21 &g 2 = §| o|8E 8 ]
CLR-5: |Applying the machine vision techniques to medical applications |88 £ £ 5| & 3152 8l 5l% § SHsfgs
CLR-6: |Utilize the numerical techniques for various medical applications = % % 2 ;3 818 8|35 | 5 5|38 & é ; ks
ARAE:] gl e|2|g|'e|2|E S| S| | 2|2 g 2E¢
/8|8 £18 5258|882 |E|E S(5Ex835
Course Learning Out (CLOY): [At the end of this course, leamers will be able to: ElR N 2lel8l28|l2 8|2 5|83l &|2|gpg2 g
CLO-1: |Familiarize with the machine vision and its problems 318075 M| - --1-|-|-|-|-]1-]-]1-]L]-
CLO-2: |Explain the applications of differential vision and motion analysis 318070 LM L|-]|-]- - - - - | L
CLO-3: |Describe and understand the concept of three dimensional reconstruction 3175|70 L /M| L|L - - M| L
CLO-4: |Use stereo vision techniques and optical flow methods to study imaging techniques 318075 M| - -|L|-]- - M| L
CLO-5: |Use contemporary numerical and simulation tools to implement methods and algorithms 318070 M| - |M|L | M|- - -l - - - L
CLO-6: |Apply the machine vision in medical technology 318070 Mi-1-]1-|M]- Sl -l -]t
. . L s . . 3D Reconstruction -Basics And . . i
Duration Machine Learning For Machine Vision Visualizing Of Objects In Motion Methods Photogrammetry And Stereo Methods Applying Computational Vision
(hour)
9 9 9 9 9
SLO-1 |Learning and inference in vision Two-frame structure 2D and 3D feature-based alignment Photometric calibration Automated Visual Inspection
§-1 - ——
SLO-2 |Human Vision Two-frame structure from motion Correlating 2D and 3D Noise level estimation ;‘r\;latgzated Visual Inspection with CT
SLO-1 |Geometric primitives Perspective and projective factorization | Shape from texture High dynamic range imaging ggz?ol;gegryVISIon in Interventional
S22 - -
SLO-2 |2D and 3D transformations Constrained structure and motion ;’;fgg from shading and photometric Optical blur (spatial response) estimation | Computer Vision using CT image
Fusion of three dimensional quantitative
SLO-1 |Photometric image formation Dense motion estimation- Definition Shape from focus Super-resolution coronary angiography and intracoronary
$3 imaging for coronary interventions
SLO-2 |Global optimization Dense motion estimation Active range finding blur removal Merging Two image
PP, . . . " . Feature centric lesion detection and
54 SLO-1 |Low level vision : Definition , example Parametric motion Surface representations Image matting and compositing refrioval in thoracic images
SLO-2 |classical filtering operations Parametric motion- application in analysis |Interpolation, simplification Optimization-based matting Algorithm for retrieval
§-5 | SLO-1 |Edge detection: sobel Motion models-Definitions Point-based representation-Definition Texture analysis and synthesis Colorization of image after retrieval
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SLO-2 |Geometric intrinsic calibration Motion models-application Point-based representations -Examples  |Hole filling and inpainting False coloring
SLO-1 |Middle level: Definition , example The Geometry of multiple views Volumetric representations Epipolar geometry Medical image registration
S-6
SLO-2 |Segmentation by clustering Affine structure from motion Implicit surfaces and level sets Rectification For thermal image & digital image
SLO-1 |Hough Transform Elements of Affine Geometry Model-based reconstruction Sparse correspondence Z-keying and background replacement
S-7 7 .
SLO-2 |Case study: Human lris location ;%ff;r;eesstructure and motion from two Heads and faces 3D curves and profiles In registered image
SLO-1 |High level: Definition , example Affm_e strjuclure and motion from Application: Facial animation Dense correspondence Volumetric and 3D surface reconstruction
S8 multiple images
SLO-2 |Model based vision Application to Gait analysis Whole body modeling and tracking Sub-pixel estimation and uncertainty Shape from silhouettes
SLO-1 |Regression model- definition Image Stitching - Concept Rendering- Layered depth images Multi-view stereo Video denoising
$9 . P ; p
SLO-2 |graphical model Image Stitching — Application Light fields and Lumigraphs — 3D Shape from silhouettes I}r/rlgegt;genmsmg for live endoscopic
1. Richard Szeliski,“Computer Vision: Algorithms and Applications”, Springer, 2010 - M . y P
Learning 2 ER Davies, “Computer & Machine Vision : Theory , Algorithms, Practicalites” 4th 4. %/gg Sonka ,Vaclav Hlavac, Roger Boyle, "Image processing, analysis and and machine vision" (3. ed.).,
Resources Edition, Els_e\_/ler, 2012 . . 5. Chi Hau Chen , “Computer Vision in Medical Imaging™ Series in Computer Vision - Vol 2, World Scientific
3. Computer vision — A modern Approach, David A Forsyth & Jean ponce, Prentice o
Publishing Co Ltd, 2014
Hall, 2002.
Learning A
8 Continuous Learning Assessment (50% weightage) N - o
Lol Roms CLA— 1 (10%) CLA-2 (15%) CLA-3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 30% - 30% - 30% - 30% - 30%
Understand
Level 2 Apply 0% - 0% - 0% - 0% 0%
Analyze
Level 3 (E:‘r’:;‘::‘e 0% - 30% - 30% - 30% 30%
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananiayagopal@mindray.com

1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu

1. Mrs. A Bhargavi Haripriya, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

2. Dr. U. Snekhalatha, SRMIST

3. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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¢ ) - Course . LjtTjprP|cC
ourse Code 18ECO101T Course Name Short Range Wireless Communication (] Open Elective
Category 3 0 0 3
Pre-requisite Nil Co-requisite ‘ Nil Progressive Nil
Courses Courses Courses
Course Offering Department Electronics and Communication Engineering ‘Data Book / Codes/ Standards Nil
Course Learning Rationale (CLR): \Understand the concept of Short range Wireless Communication Learning Program Learning O (PLO)
CLR-1: | Overview of different modulation scheme and wireless system 1 2 |3 1 2 | 3,45 |6 |7 9 [ 10| 11|12 ] 13|14 |15
CLR-2: | To understand the various components used to implement a short-range radio system. — B
CLR-3: Analysis of the various kinds of transmitters and receivers used for Short range Wireless ’g g S 5 z é e
" | Communication. S5l o |3 K = o s |8
CLR-4 : | To know about regulations and standards of ISM band communications o 8| 8 B g 8| . k] 2 ] s |5 <
CLR-5: |Design and analysis of short-range radio like UWB and Visible light. % n.:;_’ E § 8 é‘ < :§’ 2 i § o | & g § 3 g
. __ , £ o= 2 28 &3]3 % 58 5| 3|858g 8
The purpose of this course is to introduce practically all aspects of radio| w5 | & | & = ‘é @ | 4| 2| e | E 5|5 = o L Elq 3 &
Course Learning Outcomes (CLO): |communication including wave propagation, antennas, transmitters,| ?n;a_ ?n;a_ g2 % % § 8|8 2| E g3 S8SE S
receivers, design principles, telecommunication regulations o | 138 ug; gl18l 5|8 é .E £l 28|13/ 8|22 § 14 E P
CLOA : T(_) cover the various for_ms of signals used for information transmission and modulation, and overall 2 180l 70 L ; ; : ; : ; . . H
wireless system properties.
CLO-2: |To present various component types that can be used to implement a short-range radio system. 2 |8 |75 - - ML - - - - - - H -
CLO-3: |To describe the various kinds of transmitters and receivers. 2 |75 70 - - H|{M - - - - - - - - -
CLO-4: |To covers regulations and standards of ISM band communications 2 | 85| 80 M - - - M| - -
CLO-5: |To covers some of the most important new developments in short-range radio like UWB and Visible light. | 2 | 85 | 75 - - LI M| - - - - - - - - - - | H

Duration (hour)

Wireless Systems

Baseband Coding basics

RF transceivers

Wireless standards

Optical wireless Technologies

9

9

9

9

9

Technical Background to the WPAN
SLO-1 Introduction to wireless systems Types of Antennas-Dipole, groundplane, loop|RF Receivers- Introduction Concept - Regulation and Standardization |Fundamentals of UROOF Technologies
S-1 Issues
SLO-2 Es;;gg;og the Spread of Wireless Helical, Patch antennas RF Source-Frequency control European Consortium: Overview Conversion from RF to Optical Domain
y . . . Antenna Characteristics-Impedence, . Millimeter-Wave Applications and Services . . .
2 SLO-1 Characteristics of Short-range Radio directivity and gain, Effective area Modulation types - PAN scenarios in the IST Magnet project Conversion from Optical to RF Domain
g : - o . - Typical LDR services connected to the IST- | Optical Microwave Mixing Used for UWB
SLO-2 Wireless Applications Polarization, Bandwidth, Antenna factor Amplifiers FP6 MAGNET project Over Systems
o T P : . .o . Frequency Regulation and Standardization
SLO-1 g,es’ry:aergiTrg;smitter Co on 'Commumjlcg;gfl fz}c:ng;aar;grsmmcol Radio Irr;é);g:,r;ce matching in transmitter and Issues - Optional UM4 usage models Integrated UROOF Transceiver (IUT)
3 ¥ g issued from the IEEE802.15.3¢ TG
SLO-2 Elements of W{reless Communication Code Hopping Fiering Flexible antgnna gain, 60 GHz regulation M/xeq erele;s-wtred UROOF Channel,
Systems-Receiver status for wireless Carrier-to-noise Ratio
. Channel Propagation Characterization and
SLO-1 m;:elless Local Area Networks (WLAN)- Baseband Coding-Digital systems SAW band pass filter matching Modeling- 60 GHz Propagation Laser and Photodetector Noise Baseline,
S-4 Measurements
. " . ) Propagation PERTESRN .
SLO-2 Network Architecture Wireless Microphone System Tuned Radio Frequency (TRF) Channel Characterization Clipping Distortion Implication , Latency
§-5 [SLO-1 Bluetooth Transceiver RF Frequency and Bandwidth-factors ASH Receiver Multipath Propagation Modeling gzgeellmg the Propagation through the
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Super regenerative Receiver —-Block  |France Telecom Propagation Channel Analysis of UWB Technologies for
SLO-2 Bluetooth Modes Propagation characteristics . UROOF- Comparing UWB Technologies
diagram Models . ¥
for Radio-over- fibre
g . P . Super regenerative Receiver — MSK-Based System for LOS Gb/s y " y
s6 SLO-1 Zigbee Architecture, Frame Structure Modulation types Operation Communications MB-OFDM Over Multimode Fibre
SLO-2 Applications and conflicts Modulation for digital event communication Syper heterodyne Receiver-Block System archlrecturg for an MSK-based All-optical ngeral/on of Ultra-wideband
diagram system to operate in a LOS channel. Impulse Radio
SLO-1 g/tra-w:deband Tgchnology—Brt Continuous Digital Communication Super heterodyne Receiver- Operation OFDM-Bgseq System for NLOS Gb/s Operation Principles and Theoretical
s7 equence detection — - — gommumcahtlons - e TIe Approach
. . . irect Conversion Receiver- Blocl ystem architecture for an -base . P
SLO-2 UWB Block Diagram Advanced Digital Modulation diagram system to operate in a NLOS channel. VLC Link -Transmitter
SLO-1 Wireless Modules-Japan, UK, USA Spread Spectrum-DHSS Direct Conversion Receiver- Operation |System Design Aspects-Channel Plan The VLC Channel
S-8 i - i isti i 7
SLO-2 AM’/lreIess Modules-Austria, Honeywell, Spread Spectrum-FHSS Digital Receivers-Software radio 60 GHz .Ch.annel Characteristics, Baseband| Receiver, Modulation
lorway Modulation: OFDM versus Single Carrier
SLO-1 FCC Regulations-Terms and definitions | RFID-transceiver Software radio operation 60 GHz Analog Front-End Architectures Potential Applications
S9 - ——
SLO-2 Nomenc{arure for deﬂmvnngmlssmn, Design issues for RFID Repeaters Multiple Antenna Technologies Challenges
modulation and on

Learning Resources

1. Alan Bensky, “Short range Wireless Communications-Fundamentals of RF system design and
Applications”, Elsevier Inc, 2004
2. Antti V. Raisanen, Arto Lehto, “Radio engineering for wireless communication and sensor applications”, 4.
Artech House, 2003

3. Rolf Kraemer and Marcos Katz, “Short-range wireless communications emerging technologies and
applications”, Wiley WWRF series, March 2009

Shlomi Aron, John Barry, George Karagiannidis, Robert Schober, Murat Uysal, “Advanced Optical
Wireless Communication Systems” , Cambridge University Press, 2012

Learning A
8 Continuous Learning Assessment (50% weightage) ) - o
Lobroms CLA—1(10%) CLA-2 (15%) CLA-3 (15%) CLA—4 (10%}# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 pemember 0% ; 30% ; 30% ; 30% ; 30% ;
Level 2 ﬁﬁg:ize 0% - 0% - 0% - 0% - 40% -
Level 3 (E:‘r’:;‘::'e 20% - 30% - 30% - 30% - 30% -
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr. Anuj Kumar, Bombardier Transportation, Anmedabad, kumaranuj.anii@gmail.com

1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

1. Dr. J. Subhashini, SRM IST

2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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i Cirpari Course . T|P|C
Course Code 18EC0102J Course Name Electronic Circuits and Systems (] Open Elective
Category 2 0 2 3
L p L § Progressive .
Pre-requisite Courses ’ Nil Co-requisite Courses ‘ Nil Courses Nil
Course Offering Department ‘ Electronics and Communication Engineering ‘Data Book / Codes/ Standards
Course Learning Rationale (CLR): [The purpose of learning this course s to: Learning Program Learning O (PLO)
CLRA1 : 5;;2\;52 ;1 basis for understanding semiconductor material, how a pn junction is formed and its principle of 11213 1 213 l4alslel7 9 1011120131415
CLR-2: Describe the basic structure, operation and characteristics of transistors BJTs and FETs, and discuss their =
" |use as a switch and an amplifier 2l | o
CLR-3 : |Learn the basics of op-amp: the principle, operation, ct istics and fi lly important circuits 5 g E e
CLR-4: Describe and analyze the basic operation of sinusoidal oscillators and use a 555 Timer in an oscillator EIR|E ® .| 83 8 = 5% |8
-4 : .o = | = =3 £ 2 £ 5 3 < |8 &
application. 2| 5|t B gl & o s 2 g 5|8 |»
. |Leamn the fundamentals of analog and digital communication, networking, radio transmission and mobile > 8| E 2|8l c| 8| ela £ £ 2| g3 3
CLR-S - | olephones 2|58 gl 2|2/ g|2|2|¢2 el5|=|5 /8|5 %
S| 2| 2 > 218|883 % Sl g | 2| 5|&q%
CLR-6 : |Encourage the learner to assemble and test real circuits in the laboratory l£_ % % = ‘é = a § g 2 2 § =2 ES : Z g f,-
Course Learning O (CLO): |A{ the end of this course, learners will be able to: 3| F|E sle2l8lelsls|8l&l2 3 &|2|2|282
CLOA : ynQerstand the opergtlon, , P and sy ons of semiconductor diodes and demonstrate 118 |70 Ll - } : } : } ol
its important applications
CLO-2: Review the transistor (BJT & FET) construction, operation, characteristics and parameters, as well as its application 80 | 70 Ll - ; ; ; ; ol
" |in amplification and switching.
. |Identify different configurations of op-amp analyze the parameters of op-amp and 118070
CLO-3: . - LiLy-1f-1-1-1- - - O N
observe the frequency response of operational-amplifier.
CLO-4 : |Understand & demonstrate different applications based on operational-amplifier and special linear ICs 118070 L|L |- - - - - - - - - -
CLO-5 : |Understand the basic concepts and techniques of telecommunication systems and networks 118070 L|L |- - - - - - - - - - |-
CLO-6 : |Understand how circuit behavior can be studied with a computer, using a circuit simulation software 2190 | 80 - - |H|-]H]|- - - L ML |- |-
Learning Unit / Module 1 Learning Unit / Module 2 Learning Unit / Module 3 Learning Unit / Module 4 Learning Unit / Module 5
(12) (12) (12) (12) (12)
Duration (hour) Active D|screte_Components & Active D'sc.r ete_Components & Linear Integrated Circuits Oscillators and Timers Telecommunications
Circuits - | Circuits - Il

SLO-1 |Conduction in semiconductors JFETs: Structure & Operation Introduction to Op-amp RC Phase-Shift oscillator Operation Ana/og & D'g'ta.l Cpmmumcatlon: Stages
S1 in telecommunication systems
SLO-2 |Conduction in diodes Characteristics & P: Basic op-amp and its characteristi & Design Carriers and Modulation
s2 SLO-1_|Basic operation of PN junction diode JFET Biasing (Voltage-Divider Biasing) | op-amp modes Wein bridge Oscillator operation Carriers and Modulation
SLO-2 |VI Characteristics of diode CS-JFET Amplifier operation p i & Design Pulse Modulation
SLO-1
S-3 . o e . . . . . .
SLO-2 Lab-1._ vi Cflaractenstlcs of PN Lab-4_. _Des:gn & Analysis of CE BJT L_ab-7.. Negative Feedback op-amp Lab-_10. Analysis & Design of RC Lab-13: Demonstration of AM & FM
SLO-1 |Junction Diode Amplifier circuits Oscillators
$4 ['sto2
SLO-1 | Applications of diode: HWR & FWR | MOSFETS: Structure Op-amp circuits: Scale changer, adder, - |LC oscilators operafion: Hartley Pulse Modulation
S5 subtractor Oscillator S — —
. . . . igital Transmission, Frequency Division
SLO-2 |Clippers & Clampers Operation HWR & FWR Colpitts Oscillator MultiplexingTime Division Multiplexing
S-6 SLO-1 CB;:;EZZ fi;st)itc,zn of Zener diode and ts VI Characteristics Clipper &Clamper 555 Timer IC: Basic Operation Networks: RS-232, circuit switching
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SLO-2 |Zener diode as a voltage regulator P: Log & Antilog amplifiers Astable Operation Message switching, TCP/IP
SLO-1
7 SLO-2 |Lab-2: VI Characteristics of Zener Lab-5: Design & Analysis of CS-JFET . - Lab-11: 555 Timer Operation & Lab-14: Demonstration of Pulse
. oy Lab-8: Op-amp Circuits-I L "
SLO-1 |Diode Amplifier Applications Modulation
S-8
SLO-2
. . - . o . Radio Transmission: Electromagnetic
s-9 SLO-1 |BJTs: Structure & Operation MOSFET as an amplifier Instrumentation amplifier Monostable Operation Spectrum, ground waves, sky waves
SLO-2 |Characteristics & Parameters MOSFET as a switch Comparator Applications of 555 Timer antennas, directional ission
$-10 SLO-1 |CE BJT amplifier operation ggj:;r Biasing (Voltage-Divider Comparator applications Applications of 555 Timer Transmitters, Receivers
SLO-2 |Differential amplifier operation CS-MOSFET amplifier operation Schmitt trigger Voltage-Controlled Oscillators Mobile telephones
SLO-1
S-11 . . . . A "
SLO-2 |Lab-3: Applications of PN Junction Lab-6: Design & Analysis of CS- . - i . Mini Project / Model Practical
s1g | SLO-1 |diode and Zener diode MOSFET Amplifier Lab-9: Op-amp Circuits-1i Lab-12: VCO Operation Examination
SLO-2
Learning 1. Owen Bishop, “Electronic Circuits and Systems”, 4th edition, Elsevier, 2011. 3. Paul Scherz, “Practical Electronics for Inventors”, McGraw-Hill, 2000.
Resources 2. Harry Kybett, Earl Boysen, “All New Electronics”, 3rd edition, Wiley, 2008.
Learning A
8 Continuous Learning Assessment (50% weightage) Y - I
Loeroms CLA—1(10%) CLA=2 (15%) CLA-3 (15%) CLA—4 (10%}# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 20% 20% 15% 15% 15% 15% 15% 15% 15% 15%
Understand
Level 2 :ﬁg:ize 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Evaluat
Level 3 Create 10% 10% 15% 15% 15% 15% 15% 15% 15% 15%
Total 100 % 100 % 100 % 100 % -
# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii

mail.com 1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

1. Mr. Manikandan AVM, SRM IST

2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in

2. Dr. Rajesh Agarwal, SRM IST
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T|P|C
Course 18ECO103T Course Modern Wireless Communication System Course (o] Open Elective
Code Name Category 310013
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): \ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Learn to analyze the jon of various wireless communication systems 1 3 112 4 5|6 |7 8|9 |10[11]12][13/1415
CLR-2: |Understand the fund. Is of various networks in wireless communication el = IS 515
CLR-3: |Understand the techniques involved in personal communication services. S °\~; ‘j:; f; § g,, 3
CLR-4: |Introduce various wireless systems for 3G and future col ication o 25 k=) 5|2 5 § 8 s | & 3
CLR-5: |Learn to analyze wireless networks for short range communication 2 § é % ° g “é, S|, 2 = gle|s |2 ;
CLR-6: |Understand the Fund Is, Techniques and Networks of Wireless Communication Systems = g g SEIEEIE g s 8|5 = | 5|82 | =
Elgl g glz|S|S |8/ S|E 2|82 3|8icg =
5| 2|2 gle | 2|gl |2 E S 5|3 glsggEs
— 5] = I = = o I*] T =l
Course Learning Outcomes (CLO): [At the end of this course, learners will be able to: 2 § ‘é’. 588 =838 2 8 = £ S| 3d&0f o
AR Glal8l &2 8|G|lm@|2|8|a|5 85888
CLO-1: |Discuss the fundamentals of transmission in wireless systems 23/80|75 -l -l -l H - -] H
CLO-2: |[Provide an overview of various approaches to communication networks 23|80 |85 - H{-|-|-]|- - - -l -|H
CLO-3: |Study the numerous different-generation technologies with their individual pros and cons 23/ 85|85 H - |- - M H
CLO4: E:zgu;:dacbg:st the principles of operation of the different access technologies like FDMA, TDMA, SDMA and CDMA and their 23| 85| 80 } H L oo H
CLO-5: |Learn about the various mobile data services and short range networks. 23| 85| 80 - - - - - - -l - -] - H
CLO-6: |Gain knowledge on Fundamentals, Techniques and Networks of Wireless Communication Systems 23| 85| 80 -] - L B B R B R e B Y B A
Duration Transmission Fundamentals Network Concepts Personal Communication Services 3G and Beyond Mobile Data Ser&l:as;;d Short- Range
(hour)
9 9 9 9
Mobile  Data  Services  Introduction
Messaging, wireless web, WAP, site design
Personal communication Introduction, Short-Range Wireless Networks:
SLO-1 |Cellphone Generations Communication Networks HSCSD, GPRS, D-AMPS, CDMA One, 3G Introduction Unlicensed spectrum, WLANSs, cordless
S CDMA Two, Packet Data Systems telephony, IrDA, Bluetooth Smart Phones:
Future phones, mobile OSs, smart phone
applications.
SLO-2 |1G and 2G LANs GSM IMT-2000 Introduction Data Services
SLO-1 |2.5G MANSs GSM IMT-2000 Messaging
S-2
SLO-2 |3G WANs HSCSD IMT-2000 Wireless web
SLO-1 |4G Transmission Introduction Circuit switching HSCSD W-CDMA Introduction WAP
$3
SLO-2 |4G Transmission Fundamentals Packet switching GPRS W-CDMA Site design
S-4 | SLO-1 |Time domain concepts ATM Cellular Networks Introduction GPRS CDMA 2000 Introduction Short-Range Wireless Networks
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4. Andy Dornan, “The essential guide to wireless communications applications: from cellular
systems to Wi-Fi”, 2nd Edition, Prentice Hall, 2002

SLO-2 |Frequency domain concepts Cells D-AMPS EDGE Unlicensed spectrum
S | SLo4 i i Duplexin, -
5.6 [ SLO2 Radio Media iplexing D-AMPS EDGE WLANs
SLO-1 |Analog Vs Digital Multiplexing CDMA Introduction Wi-Fi Introduction Cordless telephony
§-7
SLO-2 |Channel capacity Voice coding CDMA One Wi-Fi IDA
SLO-1 | Transmission media Multiple Access Techniques: FDMA CDMA One WIMAX Introduction Bluetooth Smart Phones
S-8
SLO-2 |Signaling Schemes TDMA, SDMA CDMA Two WiMAX Future phones
SLO-1 |Carrier-based signaling, CDMA CDMA Two OFDM Mobile 0Ss
$9
SLO-2 |Spread-spectrum signaling Spectral efficiency Packet Data Systems MIMO Smart phone applications
1. Simon Haykin, David Koilpillai, Michael Moher,” Modern Wireless Communication”, 1/e,
Pearson Education, 2011 . . . . . R . .
) 2. Rappaport T.S, “Wireless Communications: Principles and Practice”, 2nd edition, Pearson 5. lan F.Akyildiz, YIyZJawd M Gutierrez Estgvez, and Elias Chavarria Reyes, “ The evolution of 4G cellular systems:
Learning ducati LTE advanced”, Physical communication, Volume 3, No. 4, pp. 217-298, Dec. 2010
Resources 3 ::Cﬁ 'og'l dsmith. “Wireless Ci ications”. Cambridge University P Aug, 2005 6. William Stallings, “ Wireless Communication & Networking”, Pearson Education Asia, 2004
! ndrea Goldsmith, "Wireless Communications', Cambridge University Press, Aug. " 7. Andrea .F.Molisch, “Wireless communications”, 21 edition, Wiley Publications.

Learning Assessment
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, Continuous Learning Assessment (50% weightage) ) - 0
Level‘f}'ﬁm:km CLA -1 (10%) CLA -2 (15%) CLA -3 (15%) CLA -4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Remember o o o o o
Level 1 Understand 30% - 30% - 30% - 30% - 30% -
Level 2 Apply 0% - 0% - 0% - 0% 0% .
Analyze
Level 3 Evalute 0% - 0% - 0% - 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %
# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
Course Designers
Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com 1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu 1. Dr. Sabitha Gauni, SRMIST
2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com 2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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Course Code 18ECO104J Course Name Audio and Speech Signal Processing Course (o] Open Elective L ! P ¢

Category 2 0 2 3
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses

Course Offering Department ‘ Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil

Course Learning Rationale (CLR): \The purpose of learning this course is to: Learning Program Learning Oi (PLO)

CLR-1: To explore about Speech signal processing 2 3 1 2 3 4 5 6 7 8 9 |10 |11 [ 1213 |14 |15

CLR-2: To explore about the human auditory system 5 |z ® . = ° 8

CLR-3: Feature Extraction of Speech signal using Time ch. istics - |5 | & § é ° 2 g g g

CLR4: Frequency characteristics of Speech signal £ % £ § e 8lg g 2 E|l .| £ g 3 |58 g

CLR-5: Provide a foundation for developing applications in this field. £ |z |2 |5 K 2 3 2z Slegl = g S| BE T

CLR-6: Understand the concept of speech processing both in time and frequency domain 223 |3 £ |2 S 1S5 | < |23 b g2 2 |tElagst

Course Learning Out (CLO): [At the end of this course, learners will be able to: Kl S 2| 81288 23|83 &5 2|8 & |2|23%82%

CLO-1: Understand the functioning of the human vocal and auditory systems in terms of signal processing 1 190 | 68 H H H - - - - | M| H

CLO-2: Analyze thg _functlon of feature extraction in speech and audio signal processing using Time Domain 2 | 85| 67 H H M R R M H

Characteristics

CLO-3: Understand the frequency characteristics of speech signal 2 | 8 | 68 H H M - - - - H|H

CLO-4: Understand the Digital models for speech signal 182 | 85 | 65 H H H - - H|IM

CLO-5: Understand the el of music 283 | 85 | 66 H H H - - - - | H H

CLO-6: Understand Speech signal processing in time and frequency domain and their models. 12,3| 85 | 68 H H M H - - - - MM

. . Learning Unit / Module 3 Learning Unit / Module 4 Learning Unit / Module 5
Learning Unit/ Module 1 Learning Unit / Module 2 " o ming . g7t f
. . . . Speech Signal Analysis in Time Speech Signal Analysis in Frequency Speech and Audio processing
Duration (hour) Basic Audio Processing Human auditory system Domain Domain applications
12 12 12 12 12
51 SLO-1 |Introduction to Digital audio Human auditory system Speech signal analysis Short Time Fourier analysis Introduction to Speech recognition
SLO-2 |Capturing and converting sound Human auditory system Speech signal analysis Short Time Fourier analysis Introduction to Speech recognition
X . . . Complete system for an isolated word
2 SLO-1 |Sampling of sound wave simplified model of cochlea Segmental, sub-segmental levels Filter bank analysis recognition with vector quantization /DTW
. . P ) . . Complete system for an isolated word
SLO-2 |Handling audio in MATLAB simplified model of cochlea Suprasegmental levels Formant extraction and Pitch extraction recognition with vector quantization /DTW
S-3 sLo4 Lab 1: Read & write a speech signal, Lab 13: Compute pitch period and
SLO-2 |Record a speech signal, playback, Lab 4: Short-term energy of a speech |Lab 7: Estimation of pitch period using [Lab 10: Phoneme-level segmentation |."* ** PLte p I;or speech
SLO-1 |convert into a wave file, plot the signal simplified inverse filter tracking (SIFT) |of speech signal TEET P
S-4 SL02 speech signal, and spectrogram plot. algorithm 9
SLO-1 | Normalization Sound pressure level and loudness Time domain parameters of speech signal [Homomorphic speech analysis pomp /letelsy Stem, for Sp caker
S-5 identification, verification
SLO-2 |Audio processing Sound pressure level and loudness Time domain parameters of speech signal | Cepstral analysis of Speech Introduction to speech enhancement
SLO-1 |Segmentation Sound intensity and Decibel sound levels g:g:gfs for extracting the parameters Formant and Pitch Estimation Introduction to speech enhancement
S-6 -
g . . L . . . . . - . Speech enhancement using spectral
SLO-2 |Analysis of window sizing Sound intensity and Decibel sound levels |Average ,Magnitude Linear Predictive analysis of speech subtraction method
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SLO-1
S-7
SLO2 . . i i . i o
Lab 2: Co_nvert intoa waye file, plot the | Lab 5._ Smert time Fourier transform Lab 8: Estimation of pitch period using La'b 1_1. To study the quantl_zanon and Lab 14: Short term speech analysis
SLO-1 |speech signal, and sp plot g spectrum h ) aliasing effect of speech signal
S-8 armonic product spectrum
SLO-2
SLO-1 | Visualization Concept of critical band Zero crossing Rate f\nlg;;]%cyrelanon method, Covariance Introduction to Text to speech conversion
SLO2 |Sound generation Uniform filter bank , Non- uniform filter | Silence Discrimination using ZCR and Solution of LPC equations Introa{qcnqn to Musical instrument
bank energy classification
SLO-1 Speech production mechanism, Charistics Mel scale and bark scale, Short Time Auto Correlation Function Durbin's Recursive algorithm, Application Musical Information retrieval.
$-10 of speech of LPC parameters
SLO-2 |Understanding of speech Speech perception: vowel perception Pitch period estimation using Auto Pitch detection using LPC parameters, Sample Programs
g of sp P perception: percep Correlation Function Formant analysis P g
s SLO-1
" ¥ . Lab 6: (i)Linear prediction magnitude|Lab 9: Pitch and duration modification .
SLO-2 - ::
ial:c.’:.rs'e':)strum smoothed magnitude spectrum, (ii) (ii) Estimation of formant|using time-domain pitch synchronous tﬁ:ﬁ;ﬁ;:;?:ghu::gnﬂ:‘)l:g::fbezl Lab 15: Study of Praat
S-12 SLO-1 |sp freq ies using linear predictit overlap and add (TD-PSOLA) method 9
SLO-2
1. lan McLaughlin, “Applied Speech and Audio processing, with MATLAB examples”, 1st Edition, | 3.  Rabiner,B.H.Juang, “Fundamentals of Speech Recognition”, 2 nd Edition, Prentice-hall Signal Processing
Learning Cambridge University Press, 2009 Series, April 1993
Resources 2. Ben Gold, Nelson Morgan, Dan Ellis, Wiley, “Speech and Audio Signal Processing: Processing | 4. Ken Pohlmann, “Principles of Digital Audio”, 6th Edition, McGraw-Hill, 2007
and Perception of Speech and Music’, 2nd Edition, John Wiley & Sons, 01-Nov-2011. 5. A.R.Jayan, “Speech and Audio Signal Processing”, ISBN : 978-81-203-5256-8, PHI Learning Pvt. Ltd, 2016.
Learning A
8 Ci Learning A t (50% weightage) - o i e
Bloomsievelof CLA-1 (10%) CLA-2 (15%) CLA- 3 (15%) CLA- 4 (10%# Final (50%
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 20% 20% 15% 15% 15% 15% 15% 15% 15% 15%
Understand
Level 2 ﬁgg:ize 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Level 3 Evalugte 10% 10% 15% 15% 15% 15% 15% 15% 15% 15%
Total 100 % 100 % 100 % 100 % 100 %
# CLA - 4 can be from any bil of these: A t i Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com

1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

1. Dr. S. Dhanalakshmi, SRMIST

2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in

2. Mrs. K. Harisudha, SRMIST
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Course . Course . L T P C
Course Code 18ECO105T Name Underwater Acoustics Category 0 Open Elective 3 0 0 3
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department ‘ Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Understand what is Sound Navigation and Ranging (SONAR) and how it can be used in underwater applications. 1 2|3 1123|4567 |89 10]11/12[13[14]15
CLR-2: Study about Ocean Acoustic Processing and sound wave propagation and analyze sea floor characteristics and ocean
" |sounds. s
CLR-3: Understand about Underwater reverberation and how types of noises affects the underwater acoustics signal data . § RS
' |analysis. — | i = 215 | §
CLR-4 : | Study about Acoustic transducers. é E ii g, £ % % B 3 5:’ g | &
CLR-5: |Know which transducers can be used for underwater applications. % £ E = L,/ B85 |2 i § o g ;‘f b
CLR-6: |Understand the basic theory and signal processing application for underwater communication and navigation. £ 2|5 gle % 5 8|3 - Slsl=|E8 2 =
£ | &% 2| E£/8|8|8|3|% | 8|5 8 |5|8q %
Elglel |5 El=elalS|2|E s |2 | 2|t|afa
S | g3 1 5|s|2|5| 8|6 g|8|E8|l8|s|T|
Course Learning Outcomes (CLO): ‘At the end of this course, learners will be able to: T 2l 8 5|38 % sl8| 5|2 £ B Slof o
T ] Glael8|l |23 &|F|28|8|a|5]82 |88
CLO-1: |Acquire in-depth knowledge and analyze on Sound Navigation and Ranging (SONAR) equations and it characteristics. L1 |85]|65 M| -l -1-]-1-]-1-]-]-1-1M]L
CLO-2: |Analyze Ocean Acoustic Processing and sound wave propagation. L2 | 85|65 M|H|H|H|H - LIH|H|H
CLO-3: |Acquire knowledge and analyze Underwater reverberation and various types of noises. L18L2] 85 | 65 M HIH|H - - LIH|M|H
CLO-4: |Acquire knowledge on working of underwater Acoustic transducers. L1 | 85|65 HIH|H/H|H|-]-]-]-]- LIH|H|H
CLO-5: | Gain knowledge and apply SONAR concepts for underwater applications. L1&L3] 85 | 65 L HIH|-|-]-][-]-1]- LIH|M|H
CLO-6 : |Understand the development and dynamics of underwater acoustic engineering L2&L3| 85| 65 - O I B R R B B o e
Learmng U'."t [ Module 1 . Learm_ng Unit/ Mn_)dule 2 Learning Unit / Module 3 Learning Unit / Module 4 Learning Unit / Module 5
. Sound Navigation and Ranging Ocean Acoustic Processing and sound 3 . H n .
Duration (hour) SONAR " Reverberation and Noises Acoustic Transduction SONAR Application
( ) wave propag
9 9 9 9 9
SLO-1 |Introduction to SONAR equation Processing ocean sound-Sampling rules Reverberation-Scattering, back scattering Piezoelectric transducer-Introduction | Echo sounder
S ' strength and target strength
SLO-2 |Source Intensity, Source Directivity Spatial sampling and Temporal sampling Surface and bottom scattering Plezgelgctrlc (ransducer—33—Mode Echo Sounder
longitudinal vibrator
o " . . . . Volume scattering, bottom scattering, Piezoelectric transducer-33-Mode o
SLO-1 |Transmission loss Filter operations-Finite Fourier transformation reverberation target strength longitudinal vibrator Sub-bottom profiling
S-2 Filter operations-Time domain view of Band | Calculation of reverberation for use in the
SLO-2 |Transmission loss pass filtering. convolution operations, sonar equation, Volume reverberation Electrostrictive transducers Fishing sonars
frequency domain level
. g Reverberation frequency spread and
SLO-1 |Target Strength (ijtegaf;%r;alzrzzﬁgfdence of Spectrum on Doppler gain potential-Power spectral Electrostrictive transducers Side scan terrain mapping sonar
S-3 ping P Y density of a CW pulse
SLO-2 |Reflection Intensity Loss Coefficient Power spectra of (ar?dom SIgnal-Slgna] having Environmental frequency sampling Magnetostrictive transducers Side scan terrain mapping sonar
random characteristics, Spectral density,
. g Radom signal simulations-Intensity spectral | Frequency spreading due to transmitter - . L .
SLO-1 |Sea-floor Loss, density, Spectral smoothing and receiver motion Magnetostrictive transducers Acoustic positioning and navigation
S-4 Frequency spreading due to target,
SLO-2 |Sea-surface Loss Matched filters and autocorrelation important observation with respect to Electostatic Transducers Acoustic positioning and navigation
reverberation
B.Tech-ECE (BME) SRM Institute of Science & Technology — Academic Curricula (2018 Regulations) 91




SLO-1 |Noise, Reverberation Saunc_is in 'the oceans-natural physical sounds Noise-Ambient noise models Electostatic Transducers 3D Imaging Processing-data model
and biological sounds
85 Sound propagation in the ocean and Ambient noise-seismic noise, ocean 3D Imaging Processing-acquisition of 3D
SLO-2 |Active and Passive Sonar Equations underwater acoustic channel-Sound wave and turbulence. shipping noise ! Variable Reluctance Transducers informa%o ,? g-acq
vibration, velocity of sound » Shipping
. . . Sound propagation in the ocean and . . .
SLO-1 F’a§s:ve Spnar Equations, Signat-to- underwater acoustic channel-Sound wave Wave noise, thermal noise Variable Reluctance Transducers D !magrr!g Processing-matrix approach
Noise Ratio py and real time systems
$6 velocity of sound JRS —
. P o . Imaging Processing-Image
. " y Wave and ray theories of underwater sound  |Rain noise, temporal variability of ambient . . . .
SLO-2 |Signal Excess, Figure of Merit felds noise, depth effects of noise Moving coil transducers represer]tatlon, Acoustic image
processing
" Wave and ray theories of underwater sound . . . . 3D Imaging Pragessing-Segmentatian
SLO-1 |Active SONAR target strength felds Under ice noise Moving coil transducers and reconstruction of underwater tubular
s7 structures
" . . . . L . 3D Imaging Processing-Segmentation
SL0-2 Active SONAR- reverberation, detection | Wave and ray theories of underwater sound Spatial coherence of ambient noise Equtv_alenr circuits-Basics and reconstruction of underwater tubular
threshold fields Circuit Resonance structures
Active Sonar Sources- Source Level, Sound absorption in sea water and its . . i . Acoustic communication-Cross attributes
o8 SLO-1 Cavitation characteristics Self-noise-Flow noise Circuit Q and Bandwidth of the received signal
SLO-2 Near—F{eId Interactions Upper boundary of acoustic channel Self-noise - Flow noise Transducers as projectors-principle Acoustic commun/catlon-channel
Explosive Sources transfer function
Physics of Shock Waves in Wate, Bubble|Lower boundary of acoustic channel and its . . Transducers as Hydrophones- Acoustic communication-combating
SLO-1 g Self noise-turbulent noise coherence P . .
Pulses characteristics principles of operations multipath
9 SL0-2 Pros and Cons of Explosive Charges, sound field in shallow water Self noise-strumming noise Transducers as Hydrophones- Acoustic communication-diversity
Parametric Acoustic Sources 9 simplified equivalent circuit reception, equalization
1. Richard P HODGES, “Underwater Acoustics — Analysis, Design and Performance of SONAR”, 4. Charles H Sherman, John L Butler, “Transducers and Arrays for Underwater Sound”, Springer; 2nd
Wiley 1 edition2010, ISBN 978-0-470-68875- edition, 2016, ISBN-10: 0-387-32940-4 ISBN-13: 978-0387-32940-6
Learning 2. Rodney F W Coates, “Underwater Acoustics Systems”, Macmillan New Electronics,Wiley, 1stedition | 5. Qihu Li, “Digital Sonar Design in underwater acoustics: Principles and applications”, Springer,
Resources , 1990, ISBN 978-0-333-42542-8 Zhejang University Press, 2012
3. Robert S H Istepanian and MilicaStojanovic, “Underwater Acoustic Digital Signal Processingand | 6. Herman Medwin, Clarence S.Clay, “Fundamentals of Acoustical Oceanography”, Academic Press,
Communication Systems”, Springer, 2002 edition, ISBN 978-1-4419-4882-3 1998.
Learning A
8 Continuous Learing Assessment (50% weightage) ) - I
Lo poms CLA— 1 (10%) CLA-2 (15%) CLA-3 (15%) CLA—4 (10%)F Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember | 49 ¢ - 30% - 30% - 30% - 30% -
Understand
Level 2 Apply 0% - 0% - 0% - 0% - 40% -
Analyze
Level 3 (E:‘r’:;‘::'e 20% - 30% - 30% - 30% - 30% -
Total 100 % 100 % 100 % 100 % 100 %
# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
Course Designers
Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com | 1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu 1. Dr. S. Dhanalakshmi, SRMIST
2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com 2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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Course Code 18ECO106J Course Name PCB Design and Manufacturing Course o Open Elective I i &
Category 2 0 2 3
Pre-requisite Courses ’Ni/ Co-requisite Courses | Nil Pr(t;g::::lsve Nil
Course Offering Department | Electronics and Communication Engineering [Data Book / Codes/ Standards
Course Learning Rationale (CLR): [ The purpose of learning this course is to: Learnin Program Learning Outs (PLO)
CLR-1: Explore the terminologies of PCB design and Electronic components. 1 2 3 1 3 4 5 6 8 9 [10 11 ] 1213|1415
CLR-2: Understand the design and other consideration involved in PCB design g gz ®© . = ° 8
CLR-3: Understand the PCB design consideration for special application circuits 2 5 = 13’ ° 2 g s 2| s
CLR-4: Design a PCB layout using CAD tool > § g § 2 S | g g ® el _| & E’ s |58 8
CLR-5: Explore various PCB manufacturing techniques Z E g 25 K 2 § 2= f 2| =] §8|&sg =|E
= 2 < a S= 8 b3 i S 3la o<
GRs: SBE| |B|3|288: i, 3|z lE|SEEee
T g8 5 8|2 58 & 5|28 2|2 E| 8|2 g2g8at
Course Learning Outcomes (CLO): |AI the end of this course, learners will be able to: 3 513 Sl &8¢l |1 8l53 &/ 2|8 | &8 |28282¢8
CLO-1: Identify the various types of PCB and electronics components packaging 1 80 | 70 H L
CLO-2: Select suitable design and consider appropriate parameters involved in PCB design 1,2 | 80 | 70 M L
CLO-3: Apply the appropriate design rules in designing PCB for special application circuits 12 |80 | 70 M L
CLO-4: Design and develop a PCB layout using CAD tool 12,380 | 70 M M| H
CLO-5: Identify and select the required PCB manufacturing technology 12,380 | 70 L H
CLO-6:
Learning Unit / Module 1 Learning Unit / Module 2 Learning Unit / Module 3 Learning Unit / Module 4 Learning Unit / Module 5§
Duration (hour) 12 12 12 12 12
) - PCB Design Considerations - Important
SLO-1. |Nomenclature of a Printed Circut Board Design Elements . - Schematic Capture - Introduction Image Transfer Techniques- Screen
$-1 - - - Design Rules for Analog Circuits h " | Printing. P: Transferring Techni
SLO-2 | Classification of Printed Circuit Boards PCB Design Considerations - Important schematic capture too rinting, Pattern Transferring Techniques
Performance Parameters
SLO-1 Manufacturing of basic PCB - Single-and | PCB Design Considerations - Mechanical Schematic Capture - Simulation of simple |Image Transfer Techniques- Printing Inks,
Double-sided Plated Through-holes Design Considerations electronic circuit Photo Printing, Laser Direct Imaging (LDI)
Manufacturing of Multi-layer Boards - . s . .
$2 Flexible Boards, Challenges in modern  |PCB Design Considerations - Mechanical Design Rules for Digital Circuts Schematic Capture - Schematic to layout Cop per Clad Laminates - P roperties of
SLO-2 B | ; Ny Laminates, Types of Laminates,
PCB Design and Manufacture, PCB Design Considerations transfer y ;
Evaluation of Laminates
Standards
SLO-1 . . . Schematic and PCB Layout in CAD tool. s ip .
53 SLO-2 | Study of electronic components- Passive Design and analysis of RL and RC time Regulated power supply design.- Full  |PCB Layout Design of single digit Mini Prolect - PCB Lay ou_t Destgp of
SLO-1_|electronic components constants. wave rectifier circuit design with fixed | pulse counter using PCB design tool. electronic turn ON/OFF-timer using
S-4 SL02 Schematic in CAD tool voltage f " |1C555 using PCB design tool.
Types, Symbols, Packaging shapes and
1 |terminal details of Electronic Components | PCB Design Considerations - Electrical . . o PCB Layout Design - Conception Level |Etching Techniques — wet Etching
-5 SLo-1 —Resistors, Thermistors Capacitors, Design Considerations Design Rules for High Frequency Circuts Introduction chemicals
Inductors
_, |Diodes, Light Emitting Diodes (LED), PCB Design Considerations - Conductor . o PCB Layout Design - Specifying Parts, . . } . .
SLO-2 Photodiode, Patterns, Component Placement Rules Design Rules for Fast Pulse Circuits Packages and Pin Names, Libraries Etching Techniques - Mechanical Etching
Transistors, Field-effect Transistors, PCB Layout Design - Checking foot prints
S-6 SLO-1 |Insulated Gate Bipolar Transistor (IGBT), |Fabrication and Assembly Considerations |Design Rules for Microwave Circuits of the components, Part list, Net list, PCB Assembly Process - Through-hole
Thyristor Making Net list Files
S-7 SLO-1 Design and analysis of RLC circuits. ) . Mini Project - Manufacture the PCB for
SLO-2 Schematic in CAD tool Schematic and PCB Layoutin CAD tool. electronic turn ON/OFF timer using
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S-8 SLO-1 | Study of electronic components- active Regulated power supply design. -Full PCB Desian of single digit pulse IC555and construct and test the
devices, analog and digital integrated wave rectifier circuit design with fixed N 9 'gle digit p designed circuit.
SLO-2 |circuits (IC) voltage regulator counter: Schematic and PCB layout
using PCB design tool.
S-9 SLO-1 Digtal Integrated Circuits, Random Enqunmenta/ Factors, Cooling Design Rules for High-density PCB Layout Design - Mounting Holes, PCB Assembly Process - Surface Mount,
Access Memory Requirements Interconnection Structures Adding Text, PCB Layout Mixed Technologies
SLO-2 |Read Only Memory Packaging Density !
§-10 | SLO-1 |Microcontrollers, Surface Mount Devices Layout Design Electromagnetic Interference/Compatibility | PCB Layout Design - DRC, Pattern PCB Assembly Process - Solderin
SLO-2 | Transformer, Relays, Connectors v 9 (EMI/EMC) Transfer, Layout printing Y 9
S-11 SLO-1 | Study of testing and measuring . . i Do g
SLO-2 |Instruments: Logic analyzer, spectrum . Schemalic and PCB Layout in .CAD fool. Mini Project - PCB Layout Design of Mini Prolect Manufactur_e the P.CB for
s12 SLO-1 |analyzer, IC tester (Analog and Digital) PCB Layout Design - of RL, RC and RLC |Regulated power supply design. electronic turn ON/OFF timer usin electronic turn ON/OFF timer using
- - L CRy meters 9 9@, circuits Full wave rectifier circuit design with 1C555 using PCB design tool 9 IC555and construct and test the
SLO-2 fixed voltage regulator 9 9 : designed circuit.
1. Raghbir Singh Khandpur, “Printed Circuit Boards: Design, Fabrication, and Assembly” McGraw-
Hill Electronic Engineering, 2006. 5. Douglas Brooks “Signal Integrity Issues and Printed Circuit Board Design’, Prentice Hall PTR, 2003.
Leamni 2. Charles A. Harpe, *High Performance Printed Circuit Boards”, McGraw Hill Professional, 2000. 6. Mark . Montrose “Printed Circuit Board Design Techniques for EMC Compliance : A handbook for
Rzas:;‘:r‘ges 3. Bruce R. Archambeault, James Drewniak, “PCB Design for Real-World EMI Control”, Volume 696 of designers” Wiley, 2 Edition, 2015.
The Springer International Series in Engineering and Computer Science, Springer Science & Business | 7. Esim open source tool : http://esim.fossee.in/
Media, 2013. 8. TINA/Orcad User manual
4. Kraig Mitzner, “Complete PCB Design Using OrCAD Capture and PCB Editor”, Newnes/Elsevier, 2009.
Learning A
, Continuous Learning Assessment (50% weightage) ) - P
Lot roms CLA—1(10%) CLA-2 (15%) CLA-3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 20% 20% 15% 15% 15% 15% 15% 15% 15% 15%
Understand
Level 2 ﬁsg:gze 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Evaluat
Level 3 Create 10% 10% 15% 15% 15% 15% 15% 15% 15% 15%
Total 100 % 100 % 100 % 100 % -
# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
Course Designers
Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com 1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu 1. Dr. P. Eswaran, SRM IST
2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com 2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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T|P|C
Course 18ECO107T Course Fiber Optics and Optoelectronics Course (o] Open Elective
Code Name Category 310013
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): \ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLRA : égzg;z[; btgresbasw laws and theorems of light associated with the optical fiber communication and the classification of 11213 vlolalalslel7!8l9l10/11]12113/1a]15
CLR-2: |Address concepts related to ion characteristics such as attenuation and dispersion. Tlel= = 5|6
CLR-3: |Explore the fund: Is of optoelectronics display devices, Sources and Detectors S E f:; g 5 . é 3
CLR-4: |Gain to information on Optical modulators and amplifiers ol 2§ kS g8 £ g 8 s |2 &
CLR-5: |lllustrate the integration methods available for optoelectronic circuits and devices 2 § 5 % @ % 'ﬁ, S|, % = gl =25 = E
CLR-6: | Utilize the basic optical concepts applied in various engineering problems and identify appropriate solutions = 69_’ g S _% ° |2 § g 8 § & w | g § =
Elglg 2 2|8/ 8|8|S8 5% % 8|5 3|2fayg <
IR gle|2lg|'s 2|k S|5|2|8|-e98%
— > 5 2] E| =2 =] 5] T X
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: RS- 5 s|g| 5|88 £]g z £ S| 2ldEo0f o
S1d | Glael 8l &2 8|G|ld|2|8|a|5|85288
CLO-1: |Review the basic theorems related to fiber optic communication, and attain knowledge of types of optical fibers 218070 HIH| - |- -1 -1-1-1-1-1-1-1]1-+ H
CLO-2: |Understand the optical signal distortion factors in optical fiber col ication 2875 H|- M - - - - - M
CLO-3: |Familiarize the principle and operation of various display devices, light sources and detectors 27570 H{M| M -l -] - - - - L
CLO-4: |Acquire knowledge of various optoelectronic modulators and amplifiers 2 185|80 Hl-IM|-|-|-|-|-]-|-]-]-1-1]1-1H
CLO-5: |Understand the various optoelectronic integrated circuits 28|75 H|- M| L L
CLO-6: | Acquire fund. tal concepts related to optical communication and optoelectronic devices 2 18|75 HIM M| L|-|-]-]-1-|-|-1-1-1-1H
Learning Unit / Module 1 . .Lea.rmr::ghUmt‘l I\I.Iot(fule i ontial| b1 ILe;rnlr\g Unlif /':\:It.)‘dule 3 | | Le?rnlng Unlt/ Ellt?dule 4 | Learning Unit/ Module 5
Duration . A ransmission Characteristics of Optica isplay Devices, Lig| an onic an . -
(hour) Introduction to Optical Fibers Fibers Detection Devices Switching Devices Optoelectronic Integrated Circuits
9 9 9 9 9
SLO-1 |Evolution of fiber optic system Attenuation — Absorption, Attenuation units | Display devices — Photo luminescence Analog and Digital Modulation ,?,f,tgj,l,ecmmc integrated circuts -
81 - . Electro optic modulators — Electro optic . )
SLO-2 Ejements of an optical fiber transmission Attenuation - Scattering losses Cathode luminescence effect - Longitudinal electro optic Need farllntegratlavn - Hybrid and
link modulator Monolithic Integration
SLO-1 IEIements of an optical fiber transmission At‘tenuatlorlr - Bending losses, ) Electro luminescence Electro opt{c modulators — Transverse Hybrid and Monolithic Integration
S2 link microbending and macro bending losses electro opllc_modu/ator -
SLO-2 |Advantages of fiber optic system Attenuation - Core cladding losses Injection luminescence Acousto optic modulators — Transmission Materials and processing of OEICs
type — Raman Nath modulator
SLO-1 |Characteristics and behavior of light Signal distortion in optical waveguides Light source materials Ag)uslo optio modulators — Reflection type A,p P Ilpallon of optoelectronic infegrated
53 i i — Bragg modulator circuits
$LO-2 | Total internal reflection Types of dispersion-Intramodal and Surface emitting LEDs Solving Problems Slab and Strip Waveguides
Intermodal dispersion
g - . e Optical switching and logic devices - self- | Integrated transmitters and receivers —
SLO-1 |Acceptance angle Material dispersion Edge emitting LEDs electro-optic-device Front end photo receivers
S-4 - ) - . ’ Integrated transmitters and receivers —
SLO-2 |Numerical aperture, Critical angle Material dispersion, Waveguide dispersion Quantum efficiency a”.d LED p ower OP tical switching and logic devices - photoreceiver noise and bandwidth
Internal quantum efficiency derivation Bipolar controller modulator considerations
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Quantum efficiency and LED power — Optical switching and logic devices- Intearated transmitters and receivers —
SLO-1 |Solving Problems Waveguide dispersion External quantum efficiency and total LED |tunable threshold logic gate — Switching PIN?HBT hotoreceivers
S5 power speed and energy. P
SLO-2 Optical Amplifiers — General applications of Integrated transmitters and receivers
Solving Problems Signal distortion in single mode fibers Solving Problems o ptica lam [;iﬁers P OEIC transmitters — equivalent circuit for
P P integrated receivers
Y ) A . . . ) Semiconductor optical amplifiers — Basic | Integrated transmitters and receivers —
s6 SLO-1 |Ray optics Polarization mode dispersion Semiconductor laser diode configuration Complex circuits and arrays
Polarization mode dispersion, Intermodal " Semiconductor optical amplifiers — Optical |Integrated transmitters and receivers -
SLO-2 |Types of rays . . Modes and threshold condition PR : ) .
dispersion gain - Limitations optical control and microwave oscillators
SLO-1 |Optical fiber modes Intermodal dispersion Photo detection principle ;:'rb/uml doped fiber am;?l{ﬂer‘s - energy Guided wave devices - Waveguide and
s7 evgl diagram apd amp/lf(cgtlon mechanism couplers ] i i
SLO-2 |Optical fiber configurations Solving Problems PIN Photodiode Erbium do_p ed fiber ampliiers ~ EDFA Guided wave devices - Active guided
configuration wave devices
SLO-1 |Single mode fibers Solving Problems PIN photodiode - Avalanche Photodiode | Solving Problems ﬁvt;:rigomr/naevégewces ~ Mach Zehnder
S-8 ——
SLO-2 |Multimode Fibers vaizngem"g in Graded Index Avalanche Photodiode Solving Problems Active couplers
SLO-1 |Step Index Fibers Mode Coupling Noise mechanism in photodetectors Fiber Raman Amp lfers - Configuration - Active Couplers
59 Forward pumping
SLO-2 |Graded Index Fibers Design Optimization of Single Mode Fibers | Solving Problems Zf;;;gman Amplifiers - Backward Active Couplers
Learning 1. Gerd Keiser, “Optical Fiber Communications”, 5" Edition, McGraw Hill Education (India), 2015. 3 J. Wilson and J. Hawkes, “Optoelectronics — An Introduction’, Prentice Hall, 1995.
Resources 2. Khare R P, “Fiber Optics and Optoelectronics’, Oxford University Press, 2014. 4. Pallab Bhattacharya, “Semiconductor Optoelectronic Devices’, Prentice Hall of India Pvt. Ltd, 2006.
Learning A t
, Continuous Learning Assessment (50% weightage) ) - -
Leve&l?gm:kin CLA—1 (10%) CLA-2 (15%) CLA- 3 (16%) CLA= 4 (10%)% Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Remember o o o o o
Level 1 Understand 40% - 30% - 30% 30% - 30% -
Level 2 Apply 0% - 0% - 0% 0% 40% -
Analyze
Level 3 Coaluate 20% - 0% - 30% 0% - 30% .
reate
Total 100 % 100 % 100 % 100 % 100 %
# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from

Higher Technical Institutions

Internal Experts

1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com

1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

1. Dr.

S. Sathiyan, SRMIST

2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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T[P[C
Course 18ECO108) | Gourse EMBEDDED SYSTEM DESIGN USING ARDUINO Course |, Open elective courses
Code Name Category 2 23
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department [ ECE [Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): [ The purpose of learning this course is to: Learnin Program Learning Outs (PLO)
CLR-1: Get to know about ARDUINO hardware details and environment 1 2 3 1 2 3 4 5 6 9 |10 111 13 [ 14 |15
CLR-2: To understand the core el of ARDUINO programming language EIEls ® o = ° 8
CLR-3: Create insights to the concepts of serial communication szl = § é ° 2 g ® ={p.
CLR-4: To use common input and output devices = § é § 2| 8|g g ® e _| & é’ s 5% g
CLR-5: | Apply the ARDUINO programming into real time applications £/ %| 8 12|22 |22 |22 2l s |=| 5|8z 8% ¢
CLR-6: eSS 3 glz|2 248|523 282 d|8geg s,
5| &L g E| S |88 | |88 S| 2/ 3| 5§ |<¢g987
T | g8 S| 2|28 8|82 |2 E 8 32 |22a080
Course Learning O (CLO): [At the end of this course, learners will be able to: 3 &3 S| &1 8|58 2183|6352 88|28 2325234
CLO-1:  |Analyze the programming skill 2 |8 |70 H - - - - - - - - - - - H|H
CLO-2:  |Apply the real time data’s into digital 2 | 8 |75 H|H|H|H|H H - H - H|H
CLO-3: |Interact with almost many devices 2 | 75|70 H| - | H|H|H H| - 1|H H|H]|-
CLO-4:  |Learn techniques to handle timer delays and IO devices 2 | 8 | 80 H|IH|H|H|H H| -|H|-|H|H]|-
CLO-5:  |Use and modifying the existing libraries 2 |8 |75 H | - H|H|H H|-|H|-]H|H]|-
CLO-6:
Duration 12 12 12 12 12
(hour)
SLO-1 |Introduction to arduino platform Introduction To Arduino C Analog And Serial Communication 10 Programming Case Studies
S-1
SLO-2 |Block diagram Arduino C Data Types . Introduction To Analog Communication Introduction To Timer/Counters Wireless Communication Using Zigbee
SLO-1 |AT mega 328p architecture Decision Making in C Pulse Width Modulation Introduction To Timer/Counters Bluetooth
S-2
SLO-2 |AT mega 328p architecture Decision Making in C Rs232 Timer programming Robotics -Motor And Sensor
SLO-1 |Lab 1 Getting Started With Adriano ﬁ;{z};{;ﬁ:nsor Interfacing For Temperature Lab 7: Actuators - Stepper Mofor Lab10:Interrupt Programming Lab 13:Mini Project
§34 Lab4 -Segrsor Interfacing For Lab 7: Actuators — Stepper Motor
SLO-2 |CCS And AVR Studio 7 Blinking Led e Measurement ’ Lab10:Interrupt Programming Lab 13:Mini Project
SLO-1 |Pin function Program Loops in C 12¢ Timer programming Security-RFID, Infrared
S-5 - - -
SLO-2 | Overview of main features-I/O ports Functions in C 12C Timer programming Security-RFID, Infrared
S-6 :tg; Featt timers, interrupts Introduction to Pointers 12C Timer programming Bio medical application
SLO-1 |Lab 2 GPIO LED Lab 5: PWM BASED SERVOMOTOR |, o, ¢. ¢ ioTOR Lab11:Watch Dog Timer Lab14:Model Practical
INTERFACING
578 Lab 5: PWM Based Servo Motor
SLO-2 | Switch Based Led Control Inte rfécing Lab 8: DC MOTOR Lab11:Watch Dog Timer Lab14:Model Practical
s-9 SLO-1 | Features-PWM, SERIAL PORT Using Pointers Effectively SPI Protocol Interrupts Bio medical application
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$L0-2 | Features-ADC Structures, Unions, and Data Storage SPI Protocol Interrupt programming Bio medical application
SLO-1 Introduction to Arduino IDE Arduino Libraries Interfacing with sensors External interrupt GPS Navigation
S-10 — - — p — - e
SL0-2 Writing ,saving,compiling with IDE. Arduino Libraries Interfacing with sensors External interrupt GPS Navigation
SLO-1 |Lab 3:DISPLAY INTERFACE-7 SEGMENT |20 6:SERIAL COMMUNICATION Lab 9: Repeat/Revision Of Experiments |, ., 45 . jo¢ Lab:15 University Practical
$11-12 — — - — .
sL0-2 |LCD 16x2 Matrix Lab 6:Serial Communication Lab 9: Repeat/Revision Of Experiments Lab 12: 12C Lab:15 University Practical
Learning | 1. Michael-Margolis,Arduino-Cookbook., Revised edition, O'Reilly,1st edition, 2011 3. James M. Fiore, Embedded Controllers Using C and Arduino, ARDUINO open source community, 2018
Resources| 2. D.Dale.Wheat, Arduino.Internals, TIA publication, 5th edition, 2011 4. Jack Purdum ,Beginning C for Arduino , Apress, 2012
Learning A
8 Continuous Learning Assessment (50% weightage) Y - I~
Lo CLA—1(10%) CLA=2 (15%) CLA-3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 20% 20% 15% 15% 15% 15% 1% 15% 15% 15%
Understand
Level 2 :ﬁg:ize 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Eval
Level 3 c::al::te 10% 10% 15% 15% 15% 15% 15% 15% 15% 15%
Total 100 % 100 % 100 % 100 % -
# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
Course Designers
Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com 1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu 1.Mrs. S. Suhasini,, SRM IST
2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com 2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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Course Course N ' Course ' L|T|P|C
Code 18ECO109J Name Embedded System Design using Raspberry Pi Category (0] Open Elective 20l 23
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): \ The purpose of learning this course is to: \ Learning Program Learning Outcomes (PLO)
CLR-1: | Understanding the programing of python for Raspberry Pi 171213 11213 5167|8911 |12[13|14 |15
CLR-2: |Applying python programming on GPIO and interfacing motors using Raspberry Pi 5
CLR-3: |Applying python programming on GPIO switch and keyboard Tlel = > g ]
CLR-4: | Create insights to the concepts and programming of motion detection ,GPS programming, light sensor ,gas detection S °\~; § fe“ 5 . g é 3
CLR:5 : Analyze and understand the working principle and data sheet of temperature sensor, gas sensor ,ADC, ultrasonic D25 % 52 5 g 8 ; g &
" |rangefinder, Acceleration and light sensor 28| E % " §- 'ﬁ &l o % £ glels |2 E
CLR-6: |Utilize the technology of node s ,cloud service and MQTT Protocol for moving sensor data to web = & g SEIEEIE 2| = el Es|l= 58|25
Elol|s 2 2/&8/8|/8/3|% = |55 8|e|8gk
SR R E R IR I EHEEL T
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: 2lglg 58 2 5|88 £]8 Z El8|Jd|d|0fo
B4 Glal8| 2|23 H|ld|28|8|a|5]82 |88
CLO-1: |Apply python for Raspberry Pi 2 18070 HIH|-|-|H|-|-|-]-|-]1-1-|H|-]-
CLO-2: |Analyze data sheet and functioning of sensors 2 18|75 HIHIH|H|H|-]-]- - - H
CLO-3: |Apply python programming on GPIO of Raspberry Pi and interfacing of sensor 2 75|70 HI|H|H|H| - - - - -S| H] -] -
CLO-4: |Apply python programming on GPIO of Raspberry Pi to interfacing of actuators 2 18580 HIHIH|H|H|-|-|-]|-|-]1-1-1]H -
CLO-5: |Apply python programming on GPIO of Raspberry Pi to interfacing input and display device 2 18|75 H|-|H|H| - - H| -] -
CLO-6: | Apply technology of node js ,cloud service and MQTT Protocol for IOT application 218070 H|l-lH|-|H|-|-]-1-]l-]1-1-1-1-1H
Learning Unit / Module 1 P Le?rnlr)gt Unit /tMo::IuIte 2 trol Learning Unit / Module 3 T Learrtung Unit/ M°d:|:,4 | Learning Unit / Module 5
Duration . . rogramming interrupts -Motor control, . . ‘emperature sensor and display - .
(hour) Basic python programming switches and keyboard interface Sensor interface and programming interface programming Publishing sensor data on web service
12 12 12 12 12
Python Basics- Editing Python Programs
4 |with IDLE, Variables, displaying Output, P . ] Measuring Temperature Using a Digital  |publish sensor data on web service-
SLO-1 Reading User Input , Arithmetic, Creating Programming with Inferrupts Detecting Movement-PIR sensor Sensor building a home security dash board
Strings
Concatenating (Joining) Strings,
§1 Converting Numbers to Strings, Converting
Strings to Numbers ,Find the Length of a
o |String, Find the Position of One String L . Data sheet analysis Digital Temperature |publish sensor data on web service-
SL0-2 Inside Another, Extracting Part of a String, Programming with Interrupts Data sheet analysis of PIR sensor Sensor building a home security dash board
Replacing One String of Characters with
Another Inside a String ,Converting a
String to Upper- or Lowercase
4 |Running Commands Conditionally, Controlling GPIO Outputs Using a Web " . L y . N
SLO-1 Comparing Values, Logical Operators, Interface Adding GPS to the Raspberry Pi Measuring Distance-ultrasonic rangefinder |MQTT Protocol
Y Repeating Instructions an Exact Number of Y ) )
52 Times ,Repeating Instructions Until Some | Controlling GPIO Outputs Using a Web . . . y MarT Protocol mstelillatlon a."d sefting
SLO-2 - . Data sheet analysis of GPS Data sheet analysis ultrasonic rangefinder |account ,token creation ,reading sensor
Condition Changes , Breaking Out of a Interface . .
7 B data and pushing to thingshoard
Loop, Defining a Function in Python
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SLO-1 |Lab 1: Arithmetic and string Lab 7: Programming on interrupts Lab 13: Programming on PIR sensor Lab 19: Programming on Digital Lab .25: Publish sensor data on web
Temperature Sensor service
534 Lab 20: Programming on ultrasonic Lab 26: Publish sensor data on web
SLO-2 |Lab 2: Loop Lab 8: Programming on Web Interface |Lab 14: Programming on GPS Py service;
Creating a List, Accessing Elements of a
List, Find the Length of a List, Adding . . . e . . L . .
SLO-1 Elements to a List , Removing Elements Controlling Servo Motors using PWM Using Resistive Sensors Logging to a USB Flash Drive basic of java scripts —node.js
S5 from a List,
Creating a List by Parsing a String,
Iterating over a List, Enumerating a List, . N . .
SLO-2 Sorting a List, Cutting Up a List. Applying a Controlling the Speed of a DC Motor Measuring Light Logging to a USB Flash Drive Modules-HTML module
Function to a List
Creating a Dictionary ,Accessing a
SLO-1 |Dictionary, Removing Things from a Controlling the Direction of a DC Motor Detecting Methane Using a Four-Digit LED Display Modules —file —event
S-6 Dictionary,
SLO-2 |lterating over Dictionaries Using a Unipolar Stepper Motor Data sheet analysis of gas sensor Disp {ay ng Messages on an I2(." LED Modules file -event
matrix with data_sheet discussion
SLO-1 |Lab 3: Program on list Lab 9: Programming on Stepper Motor |Lab 15: Programming on light sensor ll.:)?:pf:y Programming on Four-Digit LED :‘:: df;; Programming on node js HTML
S-7-8 5 - . - —
SLO-2 |Lab 4: Program on Dictionary Lab 10: Programming on DC Motor Lab 16: Programming on Gas sensor Lab 2.2' Programming on 12C LED Lab 28: Programming on node s file
matrix and event module
_1 | Controlling Hardware-Connecting an LED- . . Measuring a Voltage using MCP3008 And | Displaying Messages on an Alphanumeric . . .
s SLO-1 | Gontrolling the Brightness of an LED | /Sing @ Bipolar Stepper Mofor data sheet of MCP3008 LCD LED blinking using nodejs
SLO-2 |a Buzzing Sound Building a Simple Robot Rover Using Resistive Sensors with an ADC E(I;SDP/ay ing Messages on an Alphanumerio LED blinking using node.js
L o . . |Digital Inputs-Connecting a Push Switch- I . .
SLO-1 SW”C””?-" a High-Power DC Device Using Toggling with a Push Switch-Using a Two- |Measuring Temperature with an ADC Cloud service for IOT building java script client using MQTT
a Transistor ) : . broker
S-10 Position Toggle or Slide Switch
SLO-2 Switching a High-Power Device Using a Usmg a Rotary (Quadrature) Encoder and Mleasun‘ng Acceleratlonl and data sheet Cloud service for IOT building java script client using MQTT
Relay Using a Keypad discussion of Acceleration sensor broker
SLO-1 Lab 5: LE and Brig Lab 11: Prog on Switch Lab 17: Programming on ADC L‘a'rb'23: Progfammmg on an La!) 29: Prog_rammmg on LED blinking
S-11, control ic using node.js
12 Lab 6: Switching a High-Power DC i . Lab 18: Programming on Measuring Lab 24: Programming on an Lab 30: Building java script client using
SLO-2 Device Lab 12: Programming on Keypad Acceleration Alnk ic LCD MQTT broker
Leamnin 1. Simon Monk, “Raspberry Pi Cookbook’, O'Reilly Meda, Inc, 2014, 3. aC:(Iij }L',Jtztgx,r]:lnt:g;?t :g ;’Z/;lag Programming Projects - Build modern loT solutions with the Raspberry Pi 3
R 9 2. Volker Ziemann, “A Hands-On Course in Sensors Using the Arduino and Raspberry Pi, CRC o packip :
esources Press, 2018 4. https://thingsboard.io/docs/
' : 5. https://www.w3schools.com/nodejs/nodejs_raspberrypi_blinking_led.asp
Learning A
, Continuous Learning Assessment (50% weightage) ) - I~
Lo poms CLA—1(10%) CLA-2 (15%) CLA-3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 20% 20% 15% 15% 15% 15% 15% 15% 15% 15%
Understand
Level 2 ﬁﬁg:ize 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Level 3 Evaluate 10% 10% 15% 15% 15% 15% 15% 15% 15% 15%
Total 100 % 100 % 100 % 100 % 100 %
# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
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Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii

mail.com | 1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

1. Dr. P. Vijayakumar, SRMIST

2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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Course Course - Course . . L|T|P]|C
Code 18ECO110J Name 3D Printing Hardware and Software Category E Professional Elective 2101213
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department | Electronics and Communication Engineering | Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Understand the tools available for 3D printing 1123 23 5|6 8 |9 10|11 /12[13[14]15
CLR-2: |Familiarize with 3D design software and hardware H
CLR-3: |Understand the 3D design criteria and its limitations. Tlels . = § 5|6
CLR-4: |Learn the contemporary technology available for 3D design and printing sl < ° S 3 . g é 3
CLR-5: |Understand various post processing methods involved in 3D printing technology Q % & 8 IR S g 8 % S &
CLR6: Develop the skillset on 3D component design and development using contemporary commercial software and hardware 2 2 E A §. f S ® é = gle2ls|2 ;
" |available. = 8|S El2l2|2 3|2 = Sls|lS| g2 |5
= o| &8/ &8/8|35/3|¢% |8l g| 88|84 2
5| 8|28 HEIEIF IR 3 s 2 zlslags
Course Learning Outcomes (CLO): ‘AI the end of this course, learners will be able to: g gl g S s|l2 28 %8¢ 8 2 E 2 E uo') 8I 8‘
S|/a | P = - = - 0 0 v 0 = 0 - = - -
CLO-1: |Apply the 3D printing tools for components design 118060 M M
CLO-2: |Able to optimistically select the 3D design software and hardware for the given problem 1180160 M H
CLO-3: |Capability to solve 3D design components design problems 2 | 75|60 M M M
CLO-4: |Choose the contemporary technology available for 3D design and printing 3 180 |60 M ML
CLO-5: |Apply various post processing methods involved in 3D printing technology 2 | 80|60 H
. |Ability to develop the skillset on 3D component design and development using contemporary commercial software and 60
CLO-6: . 2|80 M M
hardware available.
Duration Introductions to 3D design tools Three-dit I (3D) Modelii 3D Design Fundamentals and Projects |3D Printing and its Technologies PostP. ing - Product Vi
(hour) ¥ and Print Cleaning
SLO-1 ; Ok . |An overview of CAD software packages -
Introduction to May a,GUI ) Ob/egl qeatlon Introduction to Fusion 360 - Drawing based . |History of 3D printing - Overview of 3D -
S workflow, Constructing object primitives to Workfiow. Drawing constraints - Surfacin The good, the bad, and the ugly of design Printing technologies Workflows for printing
SLO-2 |scale and with accuracy - 9 9 9 g
operations.
s2 SLo-1 Duplication and arrayed duplication - Grid |Moving Parts and Articulation Hinges - Ball Prominent Designers Selective Laser Sintering (SLS) Direct Software and Drivers - Formats for Printing
o |and point/vertex snapping and sockets g Metal Laser Sintering (DMLS, SLA, OBJ, CAD, et
SLO-2
SLO-1 |Understanding NURBS: NURBS Surfaces |Creating a part negative, Creating Text in i P i Aniati
S d ges, Similarities and differences  [Maya the proper way (NURBS Curves, . . Vacuym forming - Resin casting - Injection .
; ; Franchises Success stories, Pop culture  |Molding - Terms and standards for Post and Export Print Lab setup
34 | g 0.2 |between NURBS and CAD drawings Curve surface lofts, conversion to polygon) PP .
. . injection molding systems
and surface construction Painterly tools (Sculpt Geometry Tool, etc.)
SLO-1 |Understanding 3D geometry - Modeling Flexibil L ” "
" lexibility and elasticity, Locks, bolts, and . . - Fused Deposition Modeling (FDM) - L "
S5 workflows for Polygons - Additive vs. : ; Early decision making criteria - Cleanup and airtight modeling
SLO-2 |Subtractive Tools - Mesh editing fasteners Threading (taps and dies) Stereolithography (SLA)
SLO-1 Best Practices for constructing printable
polygon meshes . . . .
S-6 Fundamental Structure - Combining, Interfacing, support, and reinforcement Knowing the product ?errclgrr);tyegeg%eﬁe%;nu(lz_i;%nng (Lom Loading models and arranging print stage
SLO-2 |merging, and sewing up polygon meshes 9
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SLO-1 |Best Practices for constructing printable | How the modeling software packages differ Brainstormi d critique in th " Printing Resoluti d Tol
S polygon meshes - Fundamental Structure - |from CAD packages, Sketch/drawing rainstorming ana criique in {he eary finting resolutions ana folerances . . .
p L . . P design phase Group critiques of in- Materials Properties (Temperature, Printing - Removing support material
7-8 | gL0-2 |Combining, merging, and sewing up based workflows, Similarities and r00ress projects Flexibilty, Strength, Britleness)
polygon meshes differences between CAD and NURBS. progress proj Y. gth,
SLO-1 Understanding two-manifold vs. non-
5.9 manifold geometry Form and function visualizing the assembly | Early decision-making criteria Knowing the | 3D Printing (3DP) — Selective laser melting Special topics — 3D Scanners and its types
SLO2 Exporting geometry - Laying out a simple | process product Vision and Reality (SLM) p P yp
model on a stage for print
Sto- Zﬂfc‘zrmrvz;};r;dégit@p;?: nccgs?);f Calculating the total cost Progress checks Final cleanup and processing of files for  |Reverse engineering, Concepts and its
S-10 9 ; o Complex interactions and motorizations |and group critiques of in-progress projects | .~ pandp 9 g 9 P
SLO-2 volume, cost of detail, cost of time printing hardware and software
State table
s SLO-1 |Clean and uniform topology, lllustrator, Broad overview of manufacturing Brainstorming and critique in the early Planning for injection molding - 3D Printing
1112 IGES, and other import/export pipelines | techniques Molding, sculpting, lathing, design phase Group critiques of in- for injection molding High speed machining
SLO-2 lofting, welding, cutting, drilling, gluing, etc |progress projects
1. Hod Lipson, Melba Kurman, Fabricated: The New World of 3D Printing, Wiley, 2013 6. 3D Anatomy Models: http://lifesciencedb.jp/bp3d/?Ing=en
. 2. Matthew Griffin, Design and Modeling for 3D Printing, Maker Media, Inc., 2013. 7. AutoDesk Fusion360 HomePage: http://fusion360.autodesk.com
Ilizas::rr‘ges 3. Rob Thompson, Manufacturing Processes for Design Professionals, Thames & Hudson; Reprint edition, 2007. | 8, International Journal of Rapid Manufacturing
4. https://web.stanford.edu/class/me137/ 9. Academic Journals on 3D Printing
5. SolidWorks Gallery: http://\Wwww.3dcontentcentral.com/default. aspx 10. International Journal of Rapid Manufacturing
Learning A t
, Continuous Learning Assessment (50% weightage) ) - I
LeveIBolfgmnskin CLA—1 (10%) CLA-2 (15%) CLA- 3 (16%) CLA= 4 (10%)% Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 5§?§$§§L 20% 20% 15% 15% 15% 15% 15% 15% 15% 15%
Level 2 ﬁgzgze 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Level 3 E::;‘::te 10% 10% 15% 15% 15% 15% 15% 16% 16% 15%
Total 100 % 100 % 100 % 100 % -

# CLA — 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com

1. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

1. Mr. S. Karuppudaiyan, Mechanical, SRMIST

2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

2. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in

2. Dr. P. Eswaran, SRMIST
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https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Hod+Lipson%22&source=gbs_metadata_r&cad=5
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Melba+Kurman%22&source=gbs_metadata_r&cad=5
https://www.amazon.in/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Matthew+Griffin&search-alias=stripbooks
https://www.amazon.com/Rob-Thompson/e/B001ILICN2/ref=dp_byline_cont_book_1
https://web.stanford.edu/class/me137/
mailto:kumaranuj.anii@gmail.com
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mailto:venkat@niot.res.in

Course Course Course . T|P
Code 18ECO121T Name BASIC BIOMEDICAL ENGINEERING Category (o] Open Elective a0l 003
Pre-requisite il Co-requisite Nil Progressive Nil
Courses Courses Courses
: Electronics and Communication Engineering with ;
Course Offering Department ‘specia lization in Biomedical Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Analyze the scopes and roles of Biomedical Engineering 1 3 1123 5|6 |7 8|9 [10[11]12|13]14]|15
CLR-2: |Utilize biomedical instr jon modules = £d o
CLR-3: |Utilize medical imaging principles and its applications Tlel= E § N i £8 g
CLR-4: |Analyze the scope of biomechanics and its applications RS % §’ 5|8 & g 8 £2 2 %
CLR-5: |Utilize biomaterials and its applications elgle HIAE - IR - = £ 2895 /5%
CLR-6: | Gain the knowledge about Biomedical Engineering S| 2|8 gl 22|23 2|= El5|w|E|EEs8LE
£ 8|2 > 2|28 8|3|3|% Tl w3 |8E8 4
Els |3 Slz|2]S]2 =8 g 2||8f98888
°l 5| B o sl 2| E| 2|5 3| 28|58 |<8N8s g
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: T 2|8 Slslgls 2|8 2] g 2 E|l g % ofo 5 38
S8 |& Glal8|&£|2|3|G|lm|2|8|a|5|[REQ=8¢
CLO-1: |Analyze the areas in which biomedical engineers can work 2 18|75 N N N N N N N
CLO-2: |Analyze the basic biomedical instrumentation unit 318575 L o R e B e R e e
CLO-3: |Analyze basic medical imaging principles 3185|75 M - - -
CLO-4: |Apply the concepts of biomechanics on human body 318575 L Lo e B R B R e - |- L
CLO-5: |Identify domains where biomedical engineers can work 318 |75 - - - - -
CLO-6: |Analyze the applications of Biomedical Engineer 318575 M e e e -l -l L] -] -]t
Duration | Introduction to Biomedical Engineering Biomedical Instr t: Medical Imaging system Biomechanics Biomaterials
(hour) 9 9 9 9 9
Evolution of the modern health care o . . Introduction: Principal Areas of . y .
o1 SLO-1 system Introduction: Bioinstrumentation X-Ray production Biomechanics Biomaterials Introduction
SLO-2 |Modern Healthcare system Basic Bioinstrumentation System X-Ray Imaging principle Fundamgntgls of blomechanlcs Classification of Biomaterials
and qualitative analysis
SLO-1 |What is Biomedical Engineering Physiological Systems of the body Application of X-ray imaging Kinematics of Human Body Models Properties of Biomaterials: Mechanical
S-2 - P
SLO-2 |Roles played by the Biomedical Engineers Sources of Biomedical Signals CT-Imaging principle Kinetics of Human Body Models Properties of Biomaterials: Chemical
SLO-1 | Types of Biomedical Engineering Origin of Bioelectric Signals CT-Imaging Applications Modelling of Bio systems Properties of Biomaterials: Biological
3 MRI- Introduction Biomedical alloys and its medical
SLO-2 |Surgical instruments and medical devices | Origin of Bioelectric Signals Tissue Biomechanics i, tftg nium
1 |g: . Various Electrodes used for picking the PR . ; . B'iomedical alloys and its applications-
4 SLO-1 |Biomaterials biomedical signals MRI Imaging principles Modelling in Cellular Biomechanics Stainless steel, Cobalt-Chromium alloys
SLO-2 |Biomechanics Vlarroule/ec{mdes used for picking the MRI Imaging principles Fluid mechanics Introduction to ceramics
biomedical signals
Tissue Engineering . . L Mechanics of the . A
s SLO-1 ECG Introduction MRI Imaging Applications musculoskeletal system impact Alumina, Zirconia
SLO-2 |Neural Engineering ECG system Block diagram and its uses | Ultrasound basics Mechanics of Blood Vessels Titanium, Hydroxyapatite
$-6 | SLO-1 |Telehealth EEG Introduction Ultrasound Imaging Cardiac Biomechanics Glass ceramics
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SLO-2 |Bio signal processing EEG system Block diagram and its uses | Ultrasound Application Biomechanics of Chest and Abdomen Introduction to polymers
SLO-1 |Medical Imaging EMG Introduction fMRI Imaging Cochlear Mechanics Types of polymers
§-7 - -
SLO-2 |Computational modelling EMG system Block diagram and its uses  |fMRI Imaging Application Dynamics of Human Body Models aB;)%igziﬁble polymers and its
SLO-1 |BioMEMS Cardiac pacemakers and its uses PET- Imaging Gait analysis Composites and its applications
S-8
SLO-2 |Mobile POCT Cardiac Defibrillators and its uses PET Imaging Application Biomechanics in physical education Wound-Healing process
SLO-1 E;C;;?e’;g;l Status of Biomedical Patient Monitoring System Introduction SPECT Imaging Biomechanics in strength and conditioning |Biomaterials for artificial valve, Ear
$L0-2 | Professional Societies Patlgnt Monitoring System Block diagram | SPECT Imaging Application Blomgghaplcs in sports medicine and Biomaterials for artficial Skin, Eye
and its uses rehabilitation
. 1. Anth_o ny Y. K. Chan, Biomedical Device Technology: Principles and Design, Charles C Thomas 4. John Enderle, Joseph Bronzino, Introduction to Biomedical Engineering, Academic Press, 2011
Learning publisher, 2008 . . . . -
. . . . 5. Andrew R Webb, Introduction to Biomedical Imaging, Wiley-IEEE Press, 2003
Resources 2. R.S Khandpur, Handbook of Biomedical Instrumentation, 3 ed., McGraw Hill, 2014 6. Suiata V. Bhat Biomaterials, 2% ed. Aloha Science International 2005
3. Joseph J. Carr, John M.Brown, Introduction to Biomedical Equipment Technology, 4 ed., Pearson, 2002 . 4 . ’ ! -+ AP ’

Learning A
, Continuous Learning Assessment (50% weightage) ) - 0
Lol e CLA—1 (10%) CLA-2 (15%) CLA- 3 (15%) CLA=4 (10%)# Final Examinafion (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice

Level 1 Esg‘:ggﬁg 0% - 0% - 0% - 0% - 30% -
Level 2 ﬁﬁg:zm 40% - 40% - 40% - 0% - 40% -
Lovel3 Evdlucte 20% ; 30% ; 30% ; 30% 30% -

Total 100 % 100 % 100 % 100 % 100 %

# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com

1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu

1. Ms. Oinam Robita Chanu, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com

3. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu
3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in

2, Dr. D. Kathirvelu, SRMIST
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Course Course Course . L|T|P|C
Code 18ECO122T Name HOSPITAL INFORMATION SYSTEMS Category (0] Open Elective 310013
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department E’”’."’,”’“, an;l Cqmmuq:catlon Eng/r?eer/ng with Data Book / Codes/Standards Nil
specialization in Biomedical Engineering
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Utilize the planning and organizational activities of Hospitals 1 3 1123|4567 |8|9 /10|11 [12][13|14]15
CLR-2: |Analyze the concepts in clinical and diagnostic services = £4d o
CLR-3: |Utilize the policies and procedures about support services and material management tlel= g 3 . 598 g
CLR-4: |Utilize the features in staff and safety management in hospital R % S IR § S 8 €28 %
CLR-5: |Analyze the reporting system and recent ad in hospital ation 2lg)¢e % o| & =8 .| 2 = 5 2875 JES
CLR-6: | Apply all the advanced application the field of telemedicine £ €5 cl2le|2(3|2|= Sl 5w |E|EEsELE
£l & | ¥ 2/8|8]8|S]5% s |8 |g|2|8482548
Elgls Tles|g| S| 2| E T|c|=|2|adR9EY
) . ’ 51 8|3 s 5|25 5|8|g|2 2|3 |s|58988¢%
Course Learning Outcomes (CLO): ‘At the end of this course, learners will be able to: 2 8|8 R gl8|s|L|2|E|S| 298959 ¢
o sl |8 &2 3|6 &|2|8|a|5|858=0¢
CLO-1: |Analyze the role of hospitals and ensure proper healthcare delivery 2 18|75 Ll -1 -|l-]-IM|-1-|-|-[-1-1LJ-1-
CLO-2: |Suggest appropriate technologies and services in clinical and diagnostic field 3185 |75 M - - - - - L] -]-
CLO-3: |Analyze the supportive services and the use of proper material management 318575 M| - - |- L] - -IM| - L
CLO-4: |/dentify objectives of staff management and ensure safety management in hospitals 318575 M - - - -l L] - - L -
CLO-5: |Implement the advance technologies and effectivell luate the health information 38575 L -l -l - IM - LjL]-]-]-]L L
CLO-6: |Implement the various standards in hospital and healthcare services 318 |75 L Sl -l M- - - -
Duration Planning and designing of hospital Ing t and Outy services Material management services M t services in hospital Patient L?;:{ﬁc:':: Sa:r\:lai::zment n
(hour)
9 9 9 9 9
Design and planning of emergency . . .
Y p . Pharmacy services- goals of hospital . Medical record management- Importance
SLO-1 |Hospital as a social system department pharmacy sevices Human resource management- Human of medical record
S resource development
SLO-2 |Primary health care and hospitals Health information and counselling g;]‘zx;i;";ﬂgg:nd divisions of hospital Hospital staff skill development Methods of record keeping
. . N Outpatient services —Types and functions . . } . . . ] )
SLO-1 Hqsp_llal pl_annmg f_md design-Guiding of outpatient department Benefits of formulatory system Nursing management-Functions of nursing | Electronic medical record-Benefits and
principles in planning management drawbacks
§-2
Regionalization of . . . p Nursing management- organizational Record retention and disposal
SLO-2 Hospital service Physical features of outpatient department | Other services of hospital pharmacy structure
Role of health promotion approach in Ward/Indoor services-Components of the Transport services-Types of ambulance Biomedical waste management- Types and Office management -skills raquired by the
SLO-1 . o f ) office staff
s3 hospitals ward system Composition of Biomedical Waste
SLO-2 |Health promoting hospital system Design of special units g,zlgﬂ::égast:;iizd physical facilties of Categories of biomedical waste Functions of office management
SLO-1 | Healthy hospital environment [?pgrat!on theatre sgrwces-Plannmg and | Staff transport services Concept of total quality management Opera{/ons research in hospitals-Phases of
sS4 i lesigning of Operation theatres — i ’ i operat/gn research ] i
SL0-2 Componen[s of healthy hospital Types of Operation theatres Other transport services in hospitals Types of approaches in quality Operallon§ research in hqspltals- Tools
environment management and techniques of operations research
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. . Policies and procedures of operation Medicolegal services- Steps for Quality assessment and management Emerging health insurance — components
SLO-1 |Creating manpower services . P !
55 i M theatres Medicolegal Examination tools of heal?h insurance
SL0-2 Zospllal engmefenn;q; ) Assessing operation theatre utiisation Problems facgd by hgalthcare ) Clinical audit Emerglng health insurance-Types of health
ey to efficient services professionals in medicolegal service insuranc
SLO-1 ngr’l%’;;"g gg:laZire:irfgelr;gal{igr?ssli):ﬂ:rsons Clinical laboratory services-Introduction Food safety in hospitals-Need of food Quality improvement-Cause and effect Advantages and common problems of
G P and role of laboratory medicine safety method health insurance schemes
S-6 with disabilities
SLO-2 |Need for disabled-friendly health services | Testing procedure in clinical laboratory Sources of food contamination Pareto analysis 501{?82227;2:,:2?9,’0””3, administrators
Barrier-Free Environment to Universal Radlovdlagnosw an d imaging Services- Materials management- Principles of . . Telemedicine clinic —functions and
SLO-1 . Planning and equipments of radiology . Failure mode and effect analysis Pl -
Design material management classification of telemedicine
S-7 department
SLO-2 |Overcoming the barriers Advancement in radiology service Concepts of Inventory control ;’r;%gszr;a?fquahty improvement sirategy in Challenges for telemedicine
g . P Radiation oncology service-Radiotherapy . . Occupational safety-Roles and Growth of mobile phones and potential of
SLO-1 |Energy conservation- Classification facilities Modern techniques for inventory control responsiillties mobile health
S8 Nuclear medicine services-Categorization |Integrated concept for materials Prevention of hazards specific to health
SLO-2 |Types of energy streams in hospitals L Mobile health and its applications
and nuclear medicine department management sector
Purchase and procurement system- Challenges in implementing information
s SLO-1 |Need for energy conservation Planning of nuclear medicine department Essentials for procurement process Hospital security-Physical security Zgg/gggw{r:umcatmn technology in
o |Energy conservation opportunities in . . Organizational chart of security wing Information and communication technology
SLO-2 hospitals Ancillary requirements Purchase system applications in healthcare
Learning 1. SonuGoel, Anil Kumar Gupta, Amarjeet Singh, Hospital administration A problem- solving | 2. Sakharkar B M, Principles of hospital administration and planning, 2" ed., Jaypee Brothers Medical Publishers, 2009
Resources approach, 1ted., Elsevier, 2014 3. Kunders G D, Hospitals: Facilities planning and management, 15t ed., Tata Mcgraw Hill, 2008
Learning A
, Continuous Learning Assessment (50% weightage) ) - P
Lot roms CLA—1(10%) CLA-2 (15%) CLA-3 (15%) CLA—4 (10%)F Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% - 0% - 30% - 0% - 30% .
Understand
Level 2 Apply 0% - 0% - 0% - 0% - 0% -
Analyze
Evaluate o R 0 ~ o N o . 9 -
Level 3 Create 20% 30% 30% 30% 30%
Total 100 % 100 % 100 % 100 % 100 %

# CLA — 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com

1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu

1. Dr. D. Ashokkumar, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii

mail.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

2. Mr. P. Muthu, SRMIST

3. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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T|P|C
Course | yarcoppgr | Course BIOMEDICAL IMAGING Course 0 Open Elective
Code Name Category 3/0/01/3
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department EIECITO',"CS, anq Cqmmurycatlon {:‘ngulreermg with Data Book / Codes/Standards Nil
specialization in Biomedical Engineering
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Utilize the working principle of X-ray imaging 11238 2 3|4 |5[6|7 8|9 |10]11]12|13|14]15
CLR-2: |Analyze the principle behind tomographic imaging and the reconstruction techniques 5
CLR-3: |Interpret the theory behind nuclear medicine and utilize the working of imaging modalities in nuclear medicine . = £d 3
CLR-4: |Analyze the physics of ultrasound and the different imaging modes using ultrasound Tlelge ° S § ‘g £8 |2
CLR-5: |Utilize the physical principle of nuclear magnetic resonance and magnetic resonance image reconstruction g8l T 2 5|8 g g 8 £3 2 §
The learner will be to gain knowledge in the working principle of imaging modalities using X-ray, computed tomograph g1 gl¢e = Elx| 8 2 = S| o395 |84
CLR-6 Wil 9 9 ! g principie ging 9 X-ray, comp grapny, | 8| E Sle| 58| 8lela E £ 2|24=,8%3
nuclear medicine, ultrasound and magnetic resonance imaging. S| 5|8 S| 2|2 2|25|2|= S| §|s| 5|3 E 5424
E|&| % 2| 2/8/8|38|3|% | 8|5 384825 §
Elglz SlEl=s| 2|28 s|c|2|o|dJodEd
°l 5| B o sl 2| E| 2|5 3| 28|l 8 |<8VEsT
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: T 2|8 Slslg|s 2|8 £]g 2 £l 2 % oEd g P £
S8 |& glal8|&£|2|3 | G|lm|2|8|a|5|RE@=8s
CLO-1: |Analyze the physics and principle behind the working of X-ray imaging 2185 |75 M- -1 -1-1-1l-|l-]1-1-1-/-|M]-]-
CLO-2: |ldentify the principle behind working of tomographic imaging and reconstruction procedures. 318575 M o R e B e - |- M| -
CLO-3: |Analyze the working principle of nuclear medicine imaging modalities 3185|75 M - - - M -
CLO-4: |Identify the physics of ultrasound and the modes of ultrasound imaging 3/85|75 M Sl - e M- -
CLO-5: |Explain the physical principle of magnetic resonance imaging and the instrumental components involved in MR imaging 318575 M O T N I N N N N O /0 I
CLO-6 : |Understand the basic principle and working of medical Imaging systems 318575 M e e e -l -l - M -
Duration X-ray Computed Tomography Ultrasound Magnetic Resonance Imaging Nuclear medicine
(hour) 9 9 9 9 9
- L . . . Characteristics of sound: Propagation, . . . . . .
o1 SLO-1 |General principles of Imaging with X-rays | Introduction: Tomographic Imaging wavelength, frequency and speed Principles of NMR Imaging Radionuclide decay terms and relationship
SLO-2 |X-ray Production -X-ray source ;Z’::z’ﬁ:;:;(ween fomographic and Pressure, Intensity and dB scale Free Induction decay Nuclear transformation
1 |y Basic principle: Technique of producing CT | Interaction of ultrasound with matter: o . ) ) .
2 SLO-1 |X-ray tube current, tube output images Acoustic impedance, reflection, refraction Excitation, Emission Radionuclide production
SLO-2 |Beam intensity, X-ray Energy Spectrum | Contrast scale Scattering, Attenuation Relaxation times-T1 & T2 Radiopharmaceuticals
SLO-1 |Coherent and Compton scattering System compoqents: flrst generavt/on, Transducers: Piezoelectric materials, Spin echo technique Radiation detection and measurement:
s3 second generation, third generation, resonance transducers types of detectors, Gas-filled detectors
SLO-2 |Photoelectric effect Fourth, fifth and spiral/helical CT Damping block, matching layer, Resolution | Spin echo contrast weighting Scintillation detectors
SLO-1 )L('_';Z}a/; ?,?g!:j:s aftenuation coefficient of X-ray source, types of detectors Transducer arrays T1 weighted image Semiconductor detectors
S-4 ; - —
Instrumentation for Planar X-ray Imaging: | Gantry and slip ring technology, . " P .
SLO-2 Collimators Collimation and fitration Multi-ele t linear array T2 weig image Pulse height spectroscopy
$-5 | SLO-1 |Antiscatter grids Intensifying screens Processing system Multi-linear and phased array Gradient recalled sequence Non-imaging detector applications
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SLO-2 |X-ray films lterative rec_onstructlon, back projection Generation and detection of ultrasound Proton density wel_ghteq images, pulse Counting statistics
reconstruction sequence for fast imaging
SLO-1 ZZZL;T:;':;"O" for computed and digital Filtered back projection Basic pulse echo apparatus: A-scan Slice selection gradient Nuclear imaging
S-6 e Qi
SLO-2 x;r;?é Irr;lzge characteristics: Signal to Helical /Spiral CT: Helical pitch B-Mode Frequency encode gradient Anger scintillation camera
SLO-1 |Spatial resolution, Contrast to Noise ratio |Basic reconstruction approaches M-mode Phase encode gradient Zﬁgﬁ;ﬁ;}’f’e “Emission computed
§-7 . ——
SLO-2 |X-ray contrast agents, X-ray angiography |Slice sensitivity profile Echocardiograph 2D spin echo data acquisition i’;’ngol :rg ZZ?H emission computed
. Basic NMR components: Main magnet, RF p i
st SLO-1 |X-ray Fluoroscopy Multislice CT Duplex scanner transmitter/receiver Positron emission tomography
SLO-2 |X-ray mammography Detector configuration Intravascular imaging Body coils, gradient coils {magmg techvrzt’]ues and scanner
SLO-1 |Dual energy Imaging Measurement of X-ray dosage Artefacts: Refraction, shadowing and fMRI : Basic principle Dual modality: PET/CT
59 enhancement
SLO-2 |Abdominal X-ray scans Methods for dose reduction Reverberation BOLD concept, MR spectroscopy Working and applications
Learning 1. R.S.Khandour. Handbook of Biomedical instrumentation. 3¢ ed.. Tata McGraw Hill 2014 2. Jerrold T. Bushberg, John M. Boone, The essential physics of medical imaging, 3 ed., Lippincott Williams &
Resources . ur, ! . ! Wilkins, 2011
Learning A
8 Continuous Learning Assessment (50% weightage) Y - I
Lorpoms CLA—1(10%) CLA=2 (15%) CLA-3 (15%) CLA=4 (10%)% Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% - 30% - 30% - 30% - 30% -
Understand
Apply 9 B 9 B 9 B 9 B 9 .
Level 2 Analyze 40% 40% 40 % 40 % 40%
Level 3 Evaluale 20% - 30% - 30% - 0% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com

1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu

1. Dr. T. Jayanthi, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

2. Dr. U. Snekhalatha, SRMIST

3. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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Course Course Course . T|P
Code 18ECO124T Name HUMAN ASSIST DEVICES Category (0] Open Elective 310013
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department E’”’."’,”’“, an;l Cqmmuq:catlon Eng/r?eer/ng with Data Book / Codes/Standards Nil
specialization in Biomedical Engineering
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Utilize the latest technology and device used for assisting human disability 1123 1123|4567 |8|9 /10|11 [12][13|14]15
CLR-2: |Analyze various devices used for mobility = £4d o
CLR-3: |Utilize the various assist device used for hearing tlel= g § . ‘g £8 G
CLR-4 : |Utilize the various assist device used for vision R % f‘g” IR § S 8 £2 H %
CLR-5: |Utilize the various assist device used in orthopaedic 2lg)¢e % o| & |8 |2 = 5 2875 JES
CLR-6: |Analyze the working principles of cardiac assist devices and Artificial kidney £12|§ £/ 22| 2 EERE 2|5 % | E|E £5688¢
£l & | ¥ 2/8|8]8|S]5% s |8 |g|2|8482548
Elgl3 =s|l2| a2 |2 E TS| || 2|a d25ET
) . . 5183 s 5|2 5| 2|5 g|3|E|l|s|s898s¢
Course Learning Outcomes (CLO): ‘At the end of this course, learners will be able to: 2 8|8 R gl8|s|g|2|E|S| 298959 ¢
o sl |8 &2 3|6 &|2|8|a|5 858208
CLO-1: |Comprehend the assistive technology (AT) used for mobility 2 |85 |75 M| - -1 -1-1-1-1-1-1-1-]|-|IM[-]-
CLO-2: |Analyze the Assist technology used for hearing 3185 |75 M - - - - - - - | L -
CLO-3: |Evaluate the Assist technology used for sensory impairment of vision 318575 - |- - |- - - - - L] -
CLO-4: |Evaluate the assist device used in orthopedic 318575 M - - -l - - -l - IMI L -
CLO-5: |Analyze the latest use of assist technology in health care 38575 M Sl e M-
CLO-6 : |Design the prosthetic heart valves and pacemaker 318 |75 M R ey -
Duration
(hour) 9 9 9 9 9
SLO-1 i?)sb!;igl ssessment and evaluation for Basic ear anatomy, Mechanism of hearing |Anatomy of eye Anatomy of upper & lower extremities - Basic Anatomy and physiology of heart.
§-1 - -
SLO-2 izzf”; ssessment and evaluation for Common tests audiograms Categories of visual impairment Classification of amputation types Cardiac assist devices
SLO-1 |Manual wheelchairs Air conduction, Bone conduction Intraocular Devices Prosthesis prescription Intra-Aortic Balloon Pump (IABP),
S22
SLO-2 |Electric power wheelchairs Masking techniques, Extraocular Devices Hand and arm replacement Prosthetic heart valves
. . . . Different types of models, externally . .
s SLO-1 |Power assisted wheelchairs NN Permanent Vision Restoration powered imb prosthesis Evaluation of prosthetic valve
SLO-2 |Wheel chair standards & tests - Hearing aids principles Non-Permanent Vision Restoration Different 0,/ pes of mode/s, externally Heart pacemaker
powered limb prosthesis
SLO-1 |Wheel chair transportation Drawbacks in the conventional unit Voice Control Sound Control. Foot orthosis CABG
S-4 e —
o | Control systems, navigation in virtual I Sensor Technology Adapted for the Vision o
SLO-2 space by wheslchai DSP based hearing aids Impaired Pediatric orthoses Extracorporeal support
SLO-1 |Wheel chair seating and pressure ulcers. | Cochlear Implants Libraille Wrist-hand orthosis Vascular prosthesis
S5
SLO-2 |EOG based voice controlled wheelchair | Internal Hearing Aid GRAB feedback in orthotic system Vascular prosthesis
§-6 | SLO-1 |BClI based wheelchair External Hearing Aid mathematical Braille Components of upper limb prosthesis Artificial heart
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SLO-2 Fuz_zy logic expert Sy stem for automatic Permanent Hearing Restoration Blind mobility aids Components of lower limb prosthesis Intermittent posmve pressure bréathing
tuning of myoelectric prostheses (IPPB) type assistance for lungs
SLO-1 |Intelligent prosthesis Non-Permanent Hearing Restoration Reading writing & graphics access, z:)t\g/g;;;rremlty - and upper extremity- Dialysis for kidneys
§-7 - -
SLO-2 |intelligent prosthesis Touch Tactile Haptic Technology Orientation & navigation Aids l(;%vgg:sxtremlty -and upper extremily- Artificial Kidney
SLO-1 |Future trends in assistive technology Sound Coding Translation Wearable Assistive Devices for the Blind | functional electrical stimulation Haemodialysis
S-8 - - —
SLO-2 ;;',sualZ/,ergac,;gll dl::sed training system for Acoustic Transducers Hearing Quality Wearable tactile display for the fingertip. | Sensory assist devices Membrane dialysis
4 |Information technology, . o ) o . . Portable dialysis monitoring and functional
so SLO-1 telecommunications, Electric Electronic Stimulation Cortical implants Sensory assist devices parameter
SLO-2 |new media in assisting healthcare Hearing Enhancement Retinal implants Slints — materials used Lates( use of a§stsnve technology for
chronic heart diseases and healthcare
1. Levine S.N. Advances in Bio-medical engineering and Medical physics, 15t ed., Vol. I, Il, IV, Interuniversity 6. Albert M.Cook, Webster J.G, Therapeutic Medical Devices, Prentice Hall Inc., 1982
publications, 1968. 7. Gerr .M. Craddock Assistive Technology-Shaping the future, 15t ed., I0S Press, 2003
Learnin 2. Marion. A. Hersh, Michael A. Johnson, Assistive Technology for visually impaired and blind, 15t ed., Springer 8. Brownsell, Simon, et al,. A systematic review of lifestyle monitoring technologies, Journal of
Resourges Science & Business Media, 2010 telemedicine and telecare 17.4 (2011): 185-189
3. Kopff W.J, Attificial Organs, 15t ed., John Wiley and Sons, 1976 9. Yadin David, Wolf W. von Maltzahn, Michael R. Neuman, Joseph.D, Bronzino, Clinical
4. Daniel Goldstein, Mehmet Oz, Cardiac assist Devices, Wiley, 2000 Engineering, 15t ed., CRC Press, 2010
5. Kenneth J. Tumer, Advances in Home Care Technologies: Results of the match Project, 15t ed., Springer, 2011 | 10.  Pascal Verdonck, Advances in Biomedical Engineering, 1% ed., Elsevier, 2009
Learning A
, Continuous Learning Assessment (50% weightage) ) - P
Level%lfgmnskin CLA-1 (10%) CLA-2 (15%) CLA- 3 (15%) CLA—4 (10%) Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% - 0% - 0% 0% - 30% -
Understand
Level 2 Apply 0% - 0% - 0% 0% - 0% -
Analyze
Level 3 g‘r’:;‘::’e 0% - 30% - 30% 30% - 30% -
Total 100 % 100 % 100 % 100 % 100 %

# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com

1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu

1. Mrs. Lakshmi Prabha, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii

mail.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

2. Dr. U. Snekhalatha, SRMIST

3. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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Course Course Course . T|P|C
Code 18ECO125T Name QUALITY CONTROL FOR BIOMEDICAL DEVICES Category (o] Open Elective 31003
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department E’”’."’,”’“, an;l Cqmmuq:catlon Eng/f?eer/ng with Data Book / Codes/Standards Nil
specialization in Biomedical Engineering
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Utilize Quality, Quality control measures essential for an organization 1 3 1123|456 |7 |89 10]11/12[13[14]15
CLR-2: |Utilize the quality management principles and good management practices N 24 J
CLR-3: |Utilize the various quality control tools Tlel=s g E . 598 E
CLR-4: | Utilize the various quality management tools sz k=S £ 8 £ k 8 £2¢ |58
CLR-5: |Analyze the various standards applicable to healthcare globally and nationally HER % © §. < S 0| 3 € g 2|87 S J= £
CLR-6: |Implement the global standards in healthcare g1 2|8 12 2|23 2| 2|5 % | E EE5fss
£l & |2 > 2/8/8|8|3|% s | 8| S |8Y825 3
Flsl3 SlEls| G S=|8 s|E| 2| 2|c5CgES
5| 2 2 4lsl3| ¢ 22 35 Blgfgzat
Course Learning Outcomes (CLO): [At the end of this course, learners will be able to: 5| 8|8 % % g5 8| %8 £ 8 2 £ < % S8 5 S8
S8 |& Glal8|&£|2|3|G|lm|2|3|ag|5|REQ=8¢E
CLO-1: |Analyze the underlying concepts of quality and quality control concepts of an organization 2 |85 |75 I R N
CLO-2: |Evaluate the various quality management principles and good management practices 3185 |75 L R e e -l -l -l - -]t
CLO-3: |Evaluate various tools of quality control 38575 M - |- - - R
CLO-4: |Analyze the various quality management tools 318575 L L e R R B R e L
CLO-5: |Analyze the various standards applicable to healthcare globally and nationally 318575 - - - - -
CLO-6 : |Analyze the outcomes of implementing global standards 318575 M- -1-1-1-]-1-1-]-]1-/L]-]-]L
Duration Introduction to quality TQM principles Statistical process control TQM tools Quality systems
(hour) 9 9 9 9 9
- § Customer satisfaction — Customer § .
4 SLO-1 |Definition of Quality Perception of Quality The seven tools of quality Benchmarking 1SO 9000 Systems
SLO-2 |Dimensions of Quality Customer Complaints Cause-and-effect diagram Reasons to Benchmark 1SO 9000 Systems
SLO-1 |Quality Planning Service Quality Check sheet Benchmarking Process ggmge%g:zooo Quality System -
S-2 - -
SLO-2 |Quality Planning Customer Retention Check sheet Benchmarking Process geOer(i)t;(sJ.ZOOO Quality System -
SLO-1 |Quality costs Employee Involvement Control chart Quality Function Deployment (QFD) Need for Accreditation of hospitals
S-3
SLO-2 |Quality costs Motivation Control chart Quality Function Deployment (QFD) Need for Accreditation of hospitals
SLO-1 AB;fastc concepts of Total Quality Empowerment Histogram House of Quality FDA Regulations
S-4 lanagement
SLO-2 |Principles of TQM Teams and Team Work Histogram House of Quality FDA Regulations
SLO-1 |Leadership — Concepts Recognition and Reward Pareto chart QFD Process - Benefits Joint Commission
$-5
SLO-2 |Role of Senior Management Performance Appraisal Pareto chart QFD Process - Benefits Joint Commission
S-6 | SLO-1 |Quality Council Juran Trilogy Scatter diagram g;t,?é:prtoduct/ve Maintenance (TPM) - Regulatory Bodies of India
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SLO-2 |Quality Statements Juran Trilogy Scatter diagram Total Productive Maintenance Medical Council of India
SLO-1 |Strategic Planning PDSA Cycle Stratification Improvement Needs Pharmacy Council Of India
§-7
SLO-2 |Strategic Planning PDSA Cycle Stratification Improvement Needs Pharmacy Council Of India
SLO-1 |Deming Philosophy Kaizen Six sigma FMEA Indian Nursing Council
S-8
SLO-2 |Deming Philosophy Kaizen Six sigma FMEA Indian Nursing Council
SLO-1 |Barriers to TQM Implementation 5S Six sigma Stages of FMEA Dental Council of India
$9
SLO-2 |Barriers to TQM Implementation 58 Six sigma Stages of FMEA Homeopathy Central Council
1. Rose J.E, Total Quality Management, Kogan Page Ltd., 1993 . . d .
Learning 2. Cesar A. Cacere, Albert Zana, The Practise of clinical Engineering, Academic Press,1997 ‘5’ jgﬁri‘/)g 7‘{ %irsr’hEéermejg;no;AEIEZZZ':C%:Zsé;i'gﬁg;?"znSal.ggoﬂ;ki:;;.’glnﬁgs f; eg’.[; epsaﬁpnifg:ﬁ/{(/%é,igo;
Resources 3. Greg Bounds, Beyond Total Quality Management-Toward the emerging paradigm, McGraw | = o 9 . ’ phy: 9ing, -+ Hop
. Wilkins, 2011
Hill, 2013
Learning A
, Continuous Learning Assessment (50% weightage) ) - -
Level‘?)'?m:km CLA=1 (10%) CLA-2 (15%) CLA- 3 (16%) CLA=4 (10%)% Final Examinafion (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% - 30% - 30% - 30% - 30% -
Understand
Apply 9 B 9 N 9 N 9 B 9 .
Level 2 Analyze 40% 40% 40% 40% 40%
Level 3 Evaliate 20% . 0% - 0% - 30% - 30% -
reate
Total 100 % 100 % 100 % 100 % 100 %
# CLA — 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com

1. Dr. 8. Poonguzhali, Anna University, poongs@annauniv.edu

1. Dr. D. Kathirvelu, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii

mail.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

2. Dr. D. Ashok Kumar, SRMIST

3. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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L|T|P|C
Course 18ECO126T Course Sports Biomechanics Course E Professional Elective
Code Name Category 30013
Pre-requisite 18ECE267) Co-requisite il Progressive Nil
Courses Courses Courses
Course Offering Department ‘ Electronics and Communication Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Undk d the fi I muscle action and locomotion in biomechanical point of view 11213456789 [10[11]12]13][14]15
CLR-2: |Get an idea about the movement patterns and causes of movements Tlels = £q o
CLR-3: |Ur I the qualitative and quantitative analysis of sports movements gslslE K] H . TSg E
CLR-4: |Acquire an idea about the basic concept of jumping & aerial movement and throwing & hitting =3 § & k-3 IR s ‘g 8 £2% %
CLR-5: |Get an idea about the injury prevention, rehabilitation and special Olympic sports 2 2 £ % » g_ “: S 0| 3 = S| 2|37 S £
CLR-6: | Get an overall idea about the applications of biomechanics in sports = £ % < % 2| 2|3 2|2 3 s = E|5 £5 2
Els|s 2| £/8/8/8|3|% = | 8|5 3|89825¢
AR:AR:] TlelC|g e 2 E S 5|2 2%da3sE
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: g :-’. :%’ S % g5 g8 2 ‘:3 g £ § 2 o § & g
o ] G 88|l &|l2|3|5|d 28| & 5@ g
CLO-1: |lllustrate the muscle action in sport and locomotion 118070 M L
CLO-2: |Analyze the movement patterns and its causes 1,2| 80| 70 M M
CLO-3: |Describe the Qualitative and Quantitative analysis of sports movements 2 80|70 M M
CLO-4: |Analyze the movement of action such as jumping, throwing, hitting and aerial movement 2180 |70 L L L L
CLO-5: |ldentify the injury scenario and special Olympic sports 280170 L|L|L
CLO-6 : |Outline the major concepts in sports biomechanics
. Muscle Action in Sport and Exercise . Qualitative and Quantitative analysis of Jumping and Aerial M t, Injury Pr , Rehabilitation and
Duration and locomotion- Biomechanical view Movement patterns and its causes sports movements Throwing and Hitting Special Olympic Sports
hour)
(hour) 9 9 9 9 9
SLO-1 |Introduction to Biomechanics Introduction to Movement patterns ;ngg;ceﬁzg fo Analysis of Sport Introduction to Aerial movement Mechanisms of Musculoskeletal Injury
S-1 - p
L . . - . Types of Aerial Movement - Rotation . . "
SLO-2 |Applications of Biomechanics Defining human movements A structured analysis framework during fight, Motion of the mass centre Musculoskeletal Loading During Landing
SLO-1 Neural Contributions to Changes in Muscle Fundgmenlal movements-Walking, Preparation stage Types of Aeflal Moyement : Spon-RgIa[ed Spinal Injuries and their
s2 Strength Running Somersaulting, Twisting, Prevention
: SLO-2 Mechanical Properties and Fundamental movements-Throwing, Observation stage Control of aerial movement Sport-Related Spinal Injuries and their
Performance in Skeletal Muscles |Jumping 9 Prevention
SLO-1 |Muscle-Tendon Architecture qualitative and quantitative movement Evaluation and diagnosis stage Introduction : High Jump m’:ﬁgzgggjgamn and its Effects on the
S-3 . L L . . . Techniques of Jumping - . .
SLO-2 | Athletic Performance gzrjé);gz?r; :;/qggmanve and quantitative ;Z;edrzzzzon stage — providing appropriate Skating, Springboard and m;::ac; Férggagat/on and its Effects on the
¥ Platform Diving y
SLO-1 Eccentric Movement patterns-geometry of motion | dentifving critical features of a movement Determinants of Successful Ski-Jumping | Neuromechanics of the Initial Phase of
Muscle Action in Sport and Exercise P g Y ving Performance Eccentric Contraction
s4 Stretch-Shortening Cycle of Muscle Determinants of Successful Ski-Jumpin,
SLO-2 ) 9y Fundamentals of movement Identifying critical features of a movement P9 | Induced Muscle Injury
Function Performance
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SLO-1 |Biomechanical Foundations of Strength | Linear motion and the centre of mass ;fﬁlg;eegtfswdeography In recording sports Principles of Throwing Manual Wheelchair Propulsion
$5 . The geometry of angular motion and the | The use of videography in recording sports . —
SLO-2 | Power Training S L . The Flight of Sports Projectiles
coordination of joint rotations movements
Factors Affecting Preferred Rates of . .
SLo- Movement in Cyclic Activities Forces in sport Recording the movement Javelin Throwing: an Approach to .
S-6 — - Perf Devel Sports after Amputation
SLO-2 | The Dynamics of Running Combinations of forces on the sports Egpenmental procedures -Two erformance Development
performer dimensional videography
SLO-1 |Resistive Forces in Swimming Momentum and the laws of linear motion E?"’ er/mental p rocedures -Three Shot Putting
dimensional videography . .
S-7 - — Biomechanics of Dance
Propulsive " . Hammer Throwing: Problems and
SLO-2 . - Force~time graphs as movement patterns | Data processing
Forces in Swimming Prospects
Performance-Determining Factors in Determination of the centre of mass of the B . Hammer Throwing: Problems and
SLO-1 : Projectile motion
Speed Skating human body Prospects
S8 SL0-2 Cross-Country g‘é’:ﬁg}g}i’ﬁ;iggtg{g;agfgzeiﬁ:rand Linear velocities and accelerations caused Hittin Biomechanics of Martial arts
Skiing: Technique g by rotation 9
momentum
SLO-1 Crt‘)lss-.Couqtry Measurement of force Rotation in three-dimensional space Kicking Biomechancis of YOGA
S-9 Skiing: Equipment
SLO-2 |Factors Affecting Performance Measurement of pressure Rotation in three-dimensional space Simple concept problems
Learnin 1. Susan J Hall, “Basic Biomechanics”, McGraw-Hill Higher Education, 7th edition, 2014 3. Jules Mitchell,”Yoga Bic hanics”, 1 edition , Handspring Publishing Limited ,2018
Resourcges 2. Vladimir M. Zatsiorsky, Biomechanics in Sports: Performance Enhancement and Injury 4. Roger Bartlett, Introduction to Sports Biomechanics: Analysing Human Movement Patters, 2nd ed., Routledge,
Prevention, 1t ed., Blackwell Science Ltd, 2000 2007
Learning A t
, Continuous Learning Assessment (50% weightage) ) - (P
Leveli’;’m:km CLA—1(10%) CLA -2 (15%) CLA- 3 (15%) CLA -4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Remember N 0 o o o
Level 1 Understand 40 % - 40% - 40 % - 30 % 30%
Level 2 Apply 0% - 0% - 0% - 0% 40% -
Analyze
Level 3 Evaluate 20% - 20% . 20% . 0% . 30%
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA — 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Sathyanarayanan J, Mindray Medical India Pvt Ltd, sathyanarayananjayagopal@mindray.com

1. Dr. S. Poonguzhali, Anna University, poongs@annauniv.edu

1. Ms. Oinam Robita Chanu, SRMIST

2. Mr. Anuj Kumar, Bombardier Transportation, Ahmedabad, kumaranuj.anii@gmail.com

2. Dr. Meenakshi, Professor of ECE, CEG, Anna University, meena68@annauniv.edu

2. Dr.D. Ashok kumar, SRMIST

. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

3. Dr. Venkatesan, Sr. Scientist, NIOT, Chennai, venkat@niot.res.in
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Course Course Course . L|T|P|C
Code 18ECO131J Name VIRTUAL INSTRUMENTATION Category (o] Open Elective 201213
Pre-requisite il Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department ‘Eleclronics and Communication Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): |The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Study the concepts of Virtual instrumentation and to learn the programming concepts in VI. 1123 1123|4567 |[8|9 1|1 1213|1415
CLR-2: |Study about the various real time data acquisition methods. 5 z =R g
CLR-3: |Study about the various Instrument Interfacing concepts. BEE S | 8 § £ 3 -‘_-2 4a
CLR-4 : | To study the programming techniques for various control techniques using VI software 2 g8 3 2le| g £ = g o848
; . - >| 8| g 2l 2| 8| c|®|le|a 5 sl 2878
CLR-5: |To study various analysis tools for Process control applications. lglg El2|c| 53|32 Sl 5|l 5| E|l8g5e=7
CLR-6: | To study various real time measurement systems e 2 2/8|&8|8|3|%8 = |5 | 5| 3|84 28
21318 5 s | 5| 2| % | E T | E|=| 2|(x4g>Dgu
5 8|8 8l 8 s|2|5|3|8 2| 2|3 |8|-8a¢g%
- . - T 2|8 5 3 8 5|8 85 E2|elglalgfgis
Course Learning O (CLO): ‘Atthe end of this course, learners will be able to: R sl el8lssl8l8 &2 8|8 2lgg2¢2
CLO-1: |An ability to understand the purpose of virtual instrumentation and understand the construction of VI 12|80 |70 H H
CLO-2: |An ability to understand and apply various data acquisition methods. 85|75 H H|H
CLO-3: |An ability to understand and implement the available interfacing instruments 2 |75|70 HIH|H|H|H H|H|H
CLO-4: |An ability to understand and implement various control techniques using VI software 23| 85|80 HIH|H|H|H H H
CLO-5: |An ability to understand and develop a program foran engineering application. 23| 85|75 HIH|H|H|H H|{H|H H|H|H
CLO-6 : |An ability to und d and impl t various measurement systems 23|80 |70 HIH|H|H|H H|{H|H H|H|H
i Learning Unit / Module 1 Learning Unit / Module 2 Learning Unit / Module 3 Learning Unit / Module 4 Learning Unit / Module 5
Duration (hour)
12 12 12 12 12
Historical perspective, Need of VI, o Introduction to Non continuous controllers
SLO-1 |Advantages of VI, Virtual Instruments Cﬂ it::;e_ﬂers, Organization of the DAQ Introduction to PC Buses in LabVIEW PC based digital storage oscilloscope
versus Traditional Instruments 4
s Review of software in Virtual Introduction to continuous controllers in
Instrumentation ,Software environment | D/A Converters,
SLO-2 Architecture of Vi, Introduction to the Types of DIA Local Buses-ISA, PCI, LabVIEW Sensor Technology
block diagram and Front panel Pallets
Creating and saving a VI, Front Panel plug-in Analog Input/output cards - Digital
SLO-1 | Tool Bar, Block diagram Tool Bar, Inout and Outout Card RS232, RS422 Design of ON/OFF controller Applications of sensor Technology
Palettes Input and Output Cards,
Creating sub VI, Creating an ICON,
S-2 e P
Building a connector pane, Displaying Proportional controller for a mathematically
SLO-2 | VI'S, Placing and Saving Sub VI'S on Organization of the DAQ VI system - RS485 . . Signal processing Techniques
N described processes using VI software
block diagram, Example of full adder
circuit using half adder circuit
s3 SLo-1 ll::ll:; C,eor;;;cizgjl;fox—;;;l;zgg Indicator Lab-12: Measurement of diode |-V Lab-22: On-off temperature controller Lab-28: Design of DSO
SLO-2 Opera‘tions characteristics using LabVIEW Lab-17: Load cell Data acquisition using LabVIEW
RV —|using RS232 N N Ny N
o4 SLO-1 _|Lab-3: Verification of Half Adder Lab-13: Temperature measurement using Lab-23: Continuous Control of temperature| Lab-29: Analysis of different signal
SLO-2 |Lab-4: Verification of Full adder. LabVIEW and DAQ hardware. using LabVIEW Filters using LabVIEW
S-5 SLO-1 |Loops-For Loop, Opto Isolation need Interface Buses-USB,PXI Modeling of level process Spectrum Analyzer
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SLO-2 | While Loop Performing analog input and analog output | VXI, Basic control of level process in LabVIEW | Waveform Generator
SLO-1 |Arrays, Scanning multiple analog channels SCXI Modeling of Reactor Processes gacge;igf:alrzatlon from multiple
S-6 - - - - -
" Issues involved in selection of Data Basic control of Reactor process in o L
SLO-2 |Clusters, plotting data acquisition cards PCMCIA LabVIEW Distributed monitoring and control
SLO-1 Lab-5: Program to find Addition of First n
S7 natural numbers using for loop Lab-18: DC motor control using VX! Lab-24: On-off Level controller using Lab-30: Real time spectrum analysis
SLO-2 Lab-6: Program to find Addition of First n . . . : 9 LabVIEW using LabVIEW
odd numbers using while loop. Lab-14: Flow measurement in water using
SLO-{ |Lab-T: Implementation of Aray LabVEW and DAQ hardwere Lab-25: Conti Controlof Lab-31: Arbitiatory Wavef
ss fnclors, Lab15: GPB with VISA functins | 0ok g ConviEw | Gererato using LADVIEW
SLO-2 | Lab-8: Calculation of BMI using cluster 9 9
SLO-1 |Charts Data va.ulSI.thl‘l modules with serial Instrumentation Buses - Modbus and Case studies on development of HMI in VI | Vision and Motion Control
5.9 communication GPIB
SLO-2 |Graphs Des:gn of digital voltmeters with transducer Networked busses - ISO/OSI Case studies on development of HMI in VI E;amlpl_es on Integr‘atlng Measurement
input with vision and motion
SLO-1 |Case and Sequence Structures Timers and Counters Reference model, Case studies on development of SCADA in NI Motion control
$-10 - - - -
SLO-2 ;‘Zy&gﬂe& String and File Timers and Counters Ethernet and TCP/ IP Protocols slase studies on development of SCADA in Speed control system
SLO-1 Lab-9: Monitoring of temperature using
S-11 Charts and Graphs Lab-15: Design of digital voltmeters with | Lab-20: Online temperature control Lab-26: On-off pressure controller using
SLO-2 Lab-10: Program for implementing transducer input using LabVIEW using LabVIEW using TCP/IP LabVIEW ) )
Seven segment display Lab-32: Minor Project
S-12 SLO-1 |Lab-11: Program to perform Traffic light {Lab-16: Pressure measurement using Lab-21: Online temperature control Lab-27: Continuous Control of pressure
SLO-2 |control LabVEW and DAQ hardware DAQ. using Web publishing tool controller using LabVIEW
1. Nadovich, C., Synthetic Instruments Concepts and Applications, Elsevier, 2005 4. Jamal, R., Picklik, H., Labview — Applications and Solutions, National Instruments Release.
Learning 2. Bitter, R., Mohiuddin, T. and Nawrocki, M., Labview Advanced Programming Techniques, 2" ed., CRC Press, 2007 | 5. Johnson, G., Labview Graphical programming, McGraw-Hill, 1997
Resources 3. Gupta, S. and Gupta, J. P., PC Interfacing for Data Acquisition and Process Control’, 2 ed., Instrument Society of | 6. Wells, L.K., Travis, J., Labview for Everyone, Prentice Hall, 1997
America, 1994 7. Buchanan, W., Computer Busses, CRC Press, 2000
Learning A
, Continuous Learning Assessment (50% weightage) ) - I~
Loerroms CLA—1(10%) CLA-2 (15%) CLA-3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 20% 20% 15% 15% 15% 15% 15% 15% 15% 15%
Understand
Level 2 ﬁsg:im 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Level 3 Svaluate 10% 10% 15% 15% 15% 15% 15% 15% 15% 15%
Total 100 % 100 % 100 % 100 % 100 %
# CLA — 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
Course Designers
Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. D. Karthikeyan, Controlsoft Engineering India Pvt Ltd, karthikeyan.d@controlsoftengg.in 1. Dr. J. Prakash, MIT, Chennai, prakaiit@rediffmail.com 1. Dr. K. A. Sunitha, SRMIST
2. V. Venkateswaran, Instrumentation Consultant, vvenkat99@amail.com 2. Dr. D. Nedumaran, Madras University, dnmaran@gmail.com 2. Mrs. A. Brindha, SRMIST
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Course Course Course . T|P
Code 18ECO132T Name ANALYTICAL INSTRUMENTATION Category Open Elective 31003
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department [Electronics and Communication Engineering [Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Understand the principle and theory of analytical instruments 1 1123 5/6 7|89 1011 /12[13[14]15
CLR-2: |Und 1 the titative analysis of dissolved components = 548 ]
CLR-3: |[Study the concept of separation science and its applications glel= g E . % £49 g,)
CLR-4: | Study the various spectroscopic techniques and its instrumentation A i] k) 58 g g 8 ‘§ Z S g
CLR-5: |Identify and solve engineering problems associated with Radiation Techniques % § 2 % " §. i S 0| 3 £ gl 2lcgggt
CLR-6: |Understand the working of Analytical Instrument and their importance in industries £ 2|5 cl2|2|2 3|2 2|5 % | E|ELSe 2
£1& |2 2/ £/8/8|8/3|% “| 8|5 3 S<2sas
£33 §lEl= szt 5/ 5|2 p|243g
Course Learning Outcomes (CLO): ‘At the end of this course, learners will be able to: 5| 8|8 S % 2| = %’ g2 8 E £ § % o £ S £ & “
5|48 |d Sla | 8ls|S|3|5|F|2]8|a|5|2eRelF
CLO-1: |Apply the principles and theory of instrumental analysis 1,21 80|70 HIH|L|L|H|H|H HIH|L
CLO-2: |Apply the principles of various ct | analysis instf ts in industries 1,21 85|75 H|H|L|L|H|H HIH|L
CLO-3: |Analyze and understand the operation of various radio chemical methods of analysis 127570 H|{H|L|L|H|H H|H|L
CLO-4: |To analyze and understand the operation of instruments based on optical properties 12|85 80 H|{H|L|L|H|H HIH|L
CLO-5: |To identify and solve engineering problems associated with Radiation Techniques 128575 H|{H|L|L|H|H H|H|L
CLO-6 : | To understand the working of analytical Instruments in industri 1,21 80|70 HIH|L|L|H|H HIH|L
Learning Unit / Module 1 Learning Unit / Module 2 Learning Unit / Module 3 Learning Unit / Module 4 Learning Unit / Module 5
Duration (hour)
9 9 9 9 9
Introduction to Chemical instrumental Dissolved oxygen analyzer, Importance of . Spectral methods of analysis-
SLO-1 |analysis measuring dissolved oxygen in Industry, Chro(natograp hy, Importance, Basic Properties or parameters of NMR sp ec(rometers Importance and
e . working of Chromatography . o basic working of NMR Spectroscopy
81 Principle working electromagnetic radiation
o |Spectral method of analysis . . Gas chromatography Electromagnetic spectrum Magnetic assembly, Probe unit,
SLO-2 Working of Dissolved oxygen analyzer tation Types of spectrometers P ¢ stabjlization
SLO-1 Electro analytical and seperative sod{um {analyzer, Impqngnce of measuring | g . parts of a gas chromatography Beer's Igw UV-visible spectrophotometers | Types of NMR spectrometer, Minimal
S2 methods i i sodium in Industry, Principle working i Ti S e and absorbance type
SLO-2 Instrumental me{hod\‘s of ang{y s:g-bas:c Working of sodium analyzer Carrier gas supp ly Bee(s Ié!w , Multipurpose NMR, Wideline
components and their classification Sample injection system Application of beer’s law
SLO-1 | Sampling systems g’,;l.ca gnaly zer, Imp: grt@nce ofrr]easunng Chmmatograp hic column, Derivations of beer’s law Applications of NMR Spectrometer
s3 i i ilica in Industry, Principle working Selection of column ] i i
SLO-2 Imporpance of Sqmplmg system in Working of Silica Analyzer Thermal compar]tment, Detection Single beam and double beam instruments Mass Spectrometers, Basic working and
chemical Industries and Safety aspects system, Recording system Importance
PH Measurement, Principle of PH . . .
SLO-1 | measurement & Importance of PH MO(sture measurement Importance of Liquid chromatpg@phy—Prmaples, IR spectrophotometers Components of Mass Spectrometers
X . Moisture measurement types and applications Instruments of IR
sS4 measurement in Industries
Types of Electrodes, Reference Types of IR Types of Mass spectrometers
SLO-2 E{f ctrodes and e]s Types of Moisture measurement High pressure liquid chromatography c}; en onents required for three types of IR Magnetic Sector analyzer, Double
P P q P focusing spectrometers
Oxygen analyzer . . . Lo ) .
S5 SLO-1 | Secondary Electrodes and Types Methods of oxygen analyzers and Z);(Lrtémen(at/on or basic component of ;gsthugeqts %f dlsperswed/nstrument, A7;;me of f/l?ht analyzers, Quadrupole
importance adliation Sources and types lass analyzers
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SLO-2 |indicator electrodes Paramagneﬁc_oxygen analyzer Solvent reservoir and its treatment Importance of Monochromators and types |Application of mass
Electro analytical method system of Monochromators spectrophotometers
pH meters . . . .
SLO-1 |direct reading type pH meter CO monitor,Importance of measuring CO "sjug;rlrysg:r{jrlergn]o% ,:1 ecseof working Szgggﬁfnd Sample Cells Z)L‘Ircrll:rszargﬁzzrt' detectors, importance
null detector type pH meter ¥ P
ion selective electrodes
S-6 ] .
Types of ion selective elecirodes FTIR spectrometers, Main components
SLO-2 |Glass membrane electrodes Types of CO monitor Pulse dampers D o P GM counter
L Advantages, disadvantages
Liquid membrane electrodes
Solid membrane Electrodes
Biosensors NO2 analyzer, Importance of NO2 Types of sources Working setup, advantages of GM
SLO-1 |Features of Biosensor ; Sample injection system and types ) !
- N measurement Selection factors Counter
87 Block diagram of bio sensor
Y . . L . Liquid chromatographic column working | Types of detectors . P
SLO-2 |Applications of Biosensors in industries | Types of NO2 measurement , Types of Column thermostats Selection factors proportional counter, Basic Principle
- . atomic absorption spectrophotometer .
4 |conductivity meters ,Importance in H:S analyzer, Importance of H2 S . : . . Working setup, advantages of GM
st SLO-1 Chemical Industries Measurement Detection system types instruments for atomic absorption Counter
- spectroscopy
SLO-2 | Types of Conductivity meters Types of H2S measurement Types of Recording system ;‘ZSZZ? source solid state detectors, Basic Principle
Dust and smoke measurement- — production of atomic vapor by flame, Parts . "
SLO-1 | Air pollution Monitoring Inst & dust t and Importance ﬁ%’l’gm’i o;gl;ﬁgﬁ%aga%es of by flame photometer g;’:’gg[:;tgfs' advantages of Solid
Types of dust measurement g graphy Emission system
$9 Monochromators
y - . . Thermal analyzer , Importance of Thermal | Detectors types, Factors Influencing the | And types, Types of Detectors and o P
SLO-2 | Estimation of Air pollution analyzers, Types of Thermal analyzer Selection of Detectors recording systems and their selection scintilation counter, Basic principle
criteria
1. Khandpur. R.S, “Handbook of Analytical Instruments”, Tata McGraw Hill publishing Co. Ltd., 2006 ; 4 o
. . 4 (o 4. James W.Robinson, “Undergraduate Instrumental Analysis”, Marcel Dekker., 2005.
Learning 2. Bella. G, Liptak, “Process Measurement and analysis”., CRC press LLC.,2003. 9 . . . " .
Resources 3. Francis Rousseau and Annick Rouesssac “Chemical analysis Modern Instrumentation Methods and 5 ?(‘;;fév ne Heard, “Analytical Techniques for atmospheric measurement’, Blackwell Publishing,
Techniques’”, John wiley & sons Ltd.2007. ’

Learning Assessment

, Continuous Learning Assessment (50% weightage) ) - o
Level?)l?mnskin CLA-1(10%) CLA -2 (15%) CLA- 3 (15%) CLA—4 (10%)% Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice

Remember

Level 1 Understand 40% - 30% - 30% - 30% 30% -

Level 2 Apply 0% - 0% - 0% - 0% 0% .
Analyze

Level 3 Evaluate 20% - 30% - 30% - 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA — 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry Experts from Higher Technical Institutions Internal Experts

1. D. Karthikeyan, Controlsoft Engineering India Pvt Ltd, karthikeyan.d@controlsoftengg.in 1. Dr. J. Prakash, MIT, Chennai, prakaiit@rediffmail.com Dr. K. A. Sunitha, SRMIST

2. V. Venkateswaran, Instrumentation Consultant, vvenkat99@gmail.com 2. Dr. D. Nedumaran, Madras University, dnmaran@gmail.com Mrs. A. Brindha, SRMIST
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Course Course Course . L|T|P
Code 18ECO133T Name LOGIC AND DISTRIBUTED CONTROL SYSTEM Category (o] Open Elective 300
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department [Electronics and Communication [Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): |The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Understand basic components of PLC 1 3 11213 56 (7|89 [10|11|12[13|14 |15
CLR-2: |Understand the use of timers and counters in process automation > 5 g 5 |5
CLR-3: |Understand DCS architecture glel= g 3 . % £49 g,)
CLR-4: |Understand operator and engineering interface in DCS R i] k= 58 § g 8 ‘§ Z = 2
CLR-5: |Understand HART signal standard and Field bus 2lgl¢e HIAE- IR I = gl 2leEoyE
CLR-6: |Understand Field bus signal standard. £ €8 (22|23 |2|= 8| 5|s | E|ELges
Els|Z| |Blz|S|2|8|S|E| |2|&|2|=|395is
AR 3|52 85| 5|42 2|3 Blcgage
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: T 8|8 5 8|2 5|8 85|82 |E|S|algEgEqs
S48 |d Sla | 8le|S|3|5|F|2]8|a |52l
CLO-1: |Select PLC based on I/0’s 23|80 |80 HiM|L|-|-]-]-]-IM|-IM|L|M M
CLO-2: |Apply timers and counters in process automation 1,2| 80 | 80 H{HIH|H|H|-|L|-|H|M|L|L|H|H|H
CLO-3: |Select LCU based on application 1180180 HIM| -] -|-]-]- L|-|-]L|M|L|M
CLO-4: |Analyse data’s in Operator displays 318080 H|{H|-|H -l -l -/H[M|-|LIH|L|M
CLO-5: |Interpret industrial data communication modes 318080 H{-|-]|- -l -l - L] -|L|H|-|L
CLO-6: |Gain knowledge on field bus 318080 HiL|-]-1-1-1-1]- - L|H L
Duration (hour) 9 9 9 9 9
SLO-1 |Programmable logic controllers PLC Programming Languages Evolution of DCS Operator Interfaces Requirements Introduction to HART
S SLO-2 |PLCvs Computer Ladder Diagram Hybrid System Architecture Process Monitoring Evolution of Signal standard
52 SLO-1 |Parts ofa PLC Functional block Ceniral Computer system Architecture Process Control HART Networks: Point-to-Point
SLO-2 |Architecture Sequential Function Chart DCS Architecture Process Diagnostics Multi-drop
s3 SLO-1 |PLC size and Application. Instruction List Comparison of Architecture Process Record Keeping Split range control valve
SLO-2 |Fixed and Modular I/O Structured Text Local Control Unit Architecture Low Level Operator Interface HART Field Controller Implementation
SLO-1 |Discrete Input Modules Wiring Diagram Architectural Parameters High Level Operator Interface Hart Commends: Universal
S-4 SLO-2 |Discrete Output Modules Ladder logic Program Comparison Of LCU Architecture Z?é?f:i;e Elements In The Operator Common Practice
S5 SLO-1 |Analog Input Modules On-Delay Timer Instruction LCU Language Requirements Operator Input And Output Devices Device Specific
SLO-2 |Analog Output Modules Off-Delay Timer Instruction Function Blocks Operator Display Hierarchy Wireless Hart
$6 SLO-1 |Special I/0O Modules Retentive Timer Function Block Libraries Plant-Level Display Field Bus Basics
SLO-2 |High Speed Counter Module Cascading Timer Problem-Oriented Language Area- Level Display Field Bus Architecture
57 SLO-1 |Power Supplies Up-Counter LCU Process Interfacing Issues Group- Level Display Field Bus Standard
SLO-2 |Isolators Down-Counter Security Requirements Loop- Level Display Field Bus Topology
SLO-1 |Input/output Devices: Switches Cascading Counters Security Design Approach Engineering Interface Requirements H1 Field Bus
S8 SLO-2 |sensors Combining Counter And Timer Functions | On-Line Diagnostics Reqwremgnl For Operator Interface H2 Field Bus
Configuration
59 SLO-1 |Relays Math Operation Redundant Controller Design Low Level Engineering Interface, Interoperability
SLO-2 |Solenoid valve Program One-On-One, One-On-Many Redundancy |High Level Engineering Interfaces Interchangeability
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1. Frank D. Petruzella, Programmable Logic Controller, Tata McGraw Hill Fifth Edition, 2017

4. Bowten, R HART Application Guide, HART Communication foundation, 2015.

Learning - - - - ™
2. Bolton. W, Programmable Logic Controllers, 6th Edition, Elsevier Newnes, Sixth Edition 2016. N X Lo N ;
Resources | 3"\ richna Kant, Computer Based Industrial Control, Second edition, Prentice Hall o India, New Delhi 2015 | > Bérge, J, Field Busses for process control: Engineering, operation, maintenance, ISA press 2015
Learning A
8 Continuous Learning Assessment (50% weightage) Y - I
Lol e CLA=1 (10%) CLA-2 (15%) CLA- 3 (16%) CLA=4 (10%)% Final Examinafion (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice

Level 1 Remember 0% - 30% - 30% - 0% - 30% -

Understand
Level 2 ﬁﬁg:zze 0% - 0% - 0% - 0% - 40% -
Level 3 E‘r’::::‘e 20% - 30% - 30% - 30% - 30% -

Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Internal Experts

Experts from Higher Technical Institutions

Experts from Industry
1. D. Karthikeyan, Controlsoft Engineering India Pvt Ltd, karthikeyan.d@controlsoftengg.in

1. Dr. J. Prakash, MIT, Chennai, prakaiit@rediffmail.com

Mr. J. Sam Jeba Kumar, SRMIST

2. V. Venkateswaran, Instrumentation Consultant, vvenkat99

mail.com

2. Dr. D. Nedumaran, Madras University, dnmaran

mail.com

Dr. G. Joselin Retna Kumar, SRMIST
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Course . LjtTjprP|cC
Course Code 18ECO134T Course Name SENSORS AND TRANSDUCERS (] Open Elective
Category 3 0 0 3
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department Electronics and Instrumentation Engineering ‘Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): ‘The purpose of learning this course is to: Learning Program Learning Oi (PLO)
CLR-1: Gain knowledge on classification, and characteristics of transducers 1 2 3 1 2 3 4 5 6 8 9 |10 | 11| 12|13 | 14| 15
CLR-2:  |Acquire the knowledge of different types of inductive and capacitive sensors . | - _ Cels |E
CLR-3:  |Acquire the knowledge of different types of thermal and radiation sensors E B ] = i é % g
k) = | = <1 8 = = 3
CLR-4: |Acquire the knowledge of different types of magnetic sensors (=) § & k) I 5 g 3 R3S g
3 2 ]
CLR-5:  |Acquire the knowledgeof different types of sensors measuring non-Electrical quantity g 2 % R %‘ Eé % o é £ gl 2|et g 2 £
e c| 2| |2 352 3| 5| | EIEE5e 2
CLR-6: Locate the Applications of sensors in industries and home appliances é % % E» ] § § % 3 % - 3 :, 8 s HEER
53] 3 S| g% |2 ¢ 5| 52| 2 2823
T g8 £02| 8 28|82 2E|8) 25388,
Course Learning O (CLO): [At the end of this course, learners will be able to: 3| 5|3 Slel&8l2 28| 8|5 |28|8|2 2|g28l282%
CLO-1:  |To demonstrate the various types of basic sensors. 23 | 80 | 80 H - H - - H|H]|H - - - H | H - -
CLO2: Understand the inductive and capacitive sensors which are used for measuring various 12 | 80 | 80 H H H H : H :
parameters.
CLO-3: Understand the thermal and radiation sensors 1 80 80 H H H - H - -
CLO-4: |Have an adequate knowledge on the various magnetic sensors 3 80 80 H H - - H -
CLO-5: To demonstrate the various types of basic sensors measuring non electrical quantity 3 80 80 H H H - - H
CLO-6: Select the right transducer for the given application 3 80 80 H - H H H H H H -
Duration (hour) 9 9 9 9 9
SLO-1 Int(oduct/on fo sensors/ transducers, Introduction to Inductive sensor Thermal sensors: Introduction Magnetic sensors: Introduction Measurement of Non-Electrical quantity:
S-1 Principles Introduction
SLO-2 |Classification based on different criteria | Sensitivity and linearity of the sensor Thermal Expansion type. Villari effect Flow Measurement - Introduction.
SLO-1 |Characteristics of measurement systems | Transformer type transducer Acoustics temperature sensors. Wiedmann effect Ultrasonic Flow Meters.
S22 i isti
SLO-2 S{ang gharaclerlstlps Accurg:py, Electromagnetic transducer Thermo-emf sensor. Hall effect Hot Wire Anemometers.
Precision, Resolution, Sensitivity
s3 SLO-1 |Dynamic characteristics. Magnetosttictive transducer Materials for thermos-emf sensors. Construction, Electromagnetic Flow meters.
SLO-2 |Environmental Parameters Materials used in inductive sensor Thermocouple construction performance characteristics, Principle and types.
SLO-1 |Characterization and its type Mutual Inductance change type Types. and its Application Measurement of Displacement.
S-4 - i i
SLO-2 |Electrical characterization. LVDT: Construction. gg;ﬁzo sensors using semiconductor Introduction to smart sensors Introduction and types.
s5 SLO-1 |Mechanical Characterization. Material, input output relationship, Pyroelectric thermal sensors Film sensors: Introduction Measurement of Velocity/ Speed.
SLO-2 |Thermal Characterization Synchros-Construction Introduction Thick film sensors Introduction and types.
56 SLO-1 |Optical Characterization. Capacitive sensor: Introduction characteristics Microelectromechanical systems Measurement of Liquid Level.
SLO-2 |Errors and its classification. Parallel plate capacitive sensor Application Micromachining. Introduction and types.
S-7 SLO-1 |Selection of transducers. \s/ea,/:sa:rle thickness dielectric capaitive Radiation sensors. Nano sensors Measurement of Pressure.
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SLO-2 |Introduction to mechanical sensors Electrostatic transducer Introduction Ap plications: Indus(na/ weighing systems: Introduction and types.
Link-lever mechanism.
SLO-1 |Resistive potentiometer and types Piezoelectric elements Characteristics anO:tzrgigs - preumatic, elastic and their Measurement of Vibration.
S-8 - - . .
SLO-2 Stralr} gauge: Theorly‘, ‘ty e, design Ultrasonic Sensors Geiger counters different designs of weighing systems. Introduction and types.
consideration, sensitivity.
SLO-1 Esees&s;!;'v;;{gnsducer: RTD, materials Calculation of sensitivity. Scintillation detectors conveyors type. Application of sensors in industries
$9 P—
SLO-2 |Thermistor: thermistor material, shape CC: :r ‘:‘z}gfrismﬁgo” hone, response Application on radiation sensors weighfeeder type. Application of sensors in home appliances
1. Patranabis, D., “Sensors and Transducers”, 2'¢ Edition, Prentice Hall India Pvt. Ltd, 2010.
Learnin 2. Doeblin, E.O., “Measurement Systems: Applications and Design’, 6"Edition, Tata McGraw-Hill| 4. Murthy, D.V.S., “Transducers and Instrumentation”, Prentice Hall of India Pvt. Ltd., New Delhi, 2010.
Resou rcges Book Co., 2011. 5. Neubert H.K.P., “Instrument Transducers — An Introduction to their performance and Design”, Oxford
3. Bentley, J. P., “Principles of Measurement Systems”, 4t Edition, Addison Wesley Longman Ltd., University Press, Cambridge, 2003.
UK, 2004.
Learning A
, Continuous Learning / 1t (50% weightage) ) - I
Lovel Domis CLA=1(10%) CLA-2 (15%) CLA-3 (15%) CLA—4 (10%)F Final Examination (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% - 30% 30% - 30% - 30% -
Understand
Level 2 Apply 0% - 0% - 0% - 0% - 40% -
Analyze
Level 3 (E:‘r’:;‘::te 20% - 0% 0% - 30% - 30% -
Total 100 % 100 % 100 % 100 % 100 %

# CLA -4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. D. Karthikeyan, Controlsoft Engineering India Pvt Ltd, karthikeyan.d@controlsoftengg.in

1. Dr. J. Prakash, MIT, Chennai, prakaiit@rediffmail.com

Mrs. K. Vibha, SRMIST

2. V. Venkateswaran, Instrumentation Consultant, vvenkat99

mail.com

2. Dr. D. Nedumaran, Madras University, dnmaran@gmail.com

Dr. G. Joselin Retna Kumar, SRMIST
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T|P|C
Course | yarcopasr | Course FUNDAMENTALS OF MEMS Course 0 |Open Elective
Code Name Category 3101013
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department [Electronics and Communication Engineering [Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): ‘ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Understand the importance of micro system technology 112 112 4151|686 8 |9 10|11 |12[13[14]15
CLR-2: |Learn the operating principle of various micro sensors and actuators Tlel = = 545 |&
CLR-3: |Impart the applications of various micro fabrication techniques S °: § f&; § . % £8 g’
CLR-4: |Understand the differences and need for microfabrication D)2 § & IR § 2 8 £ag g
CLR-5: |Operate MEMS design tools to design simple micro devices 2 § £ % o| & =18 .| 2 = gl 2/589 g E
CLR-6: |Understand recent developments and challenges in MEMS £ 2 2 Sl 2|le|2(3|2|= 2|5 % | EIELS L3
S 2| £/8/8|8|3|% s | 8|5 S|8%E78
5 E| B |5 2|g|c 2E |5|5/2 g8l
Course Learning Outcomes (CLO): ‘At the end of this course, learners will be able to: 2l sl g 58 2 5|88 £l 8 z E|8|J|cfaEds
Al | Gla| 8|23 6| &H[2]/8|a|5|28088%
CLO-1: |Appreciate the fund: | concepts in MEMS technology 2,3 |80%| 80% H{-|-|-|-|H|-|-]-|-|-|H|H|-|H
CLO-2: |Understand the fabrication and machining techniques of MEMS devices 1,2 |80%| 80% H| - - H|-]- -l -l H]| - H
CLO-3: |Familiarize with the concepts of packaging of MEMS devices 1 |80%| 80% H H|- |H]|- - HIH|-|H
CLO-4: |Appreciate the significance of micro fabrication processes 3 |80%| 80% H{-|-1H|-|-|-|-]1-|-|-|H]-]-1H
CLO-5: |Design and Simulate simple structures using MEMS software 3 |80%| 80% H|-lH|H|H|-|-|H -| -|H|H|-H
CLO-6 : |Analyze recent trends and developments in MEMS technology 3 180%| 80% Hi-l-1H|-]-1-1-1-]l-|-lH|H|-H
Duration Introduction Fabrication overview Micromachining Bonding & Sealing Recent trends
(hour) 9 9 9 9 9
SLO-1 Introducnoq fo MEMS and Brief recap of Introduction to Micro fabrication process Introdustion of micro machining(MMC) Introduction to MEMS packaging Introduction to design tools and simulation
S-1 Macro devices process
SLO-2 |Microelectronics and Micro systems Significance of each technique Significance of MMC Challenges in packaging FEM analysis
s2 SLO-1 |Scaling laws in geometry Process Description of Photolithography | Bulk MMC process — merits and demerits | Different levels of Packaging g:;;%’; of a silicon die for a micro pressure
SLO-2 |Silicon as ideal material and as substrate |Implementation of Photolithography Sequence of steps Die, device and system level Simulation in software
. ) L N ) . Application of MEMS in automotive
3 SLO-1 |Si wafer production Process Description of CVD Significance of Isotropic etching Differences in IC packaging technology industry
$LO-2 |Cz process Implementation, merits and demerits of Anisotropic etching And MEMS packaging Airbag deployment
SLO-1 Process Description of PVD Surface MMC process Die Preparation Optical MEMS Application
S-4 Sequential steps in wafer processing
SLO-2 gr\v;;Dlementatlon, merits and demerits of Sequence of steps Plastic encapsulation and its signifi Micro mirrors
Chemical and mechanical properties of Si | Process Description, implementation of lon . Types of wire bonding Thermo Micro fluidics Application
S5 SLo-1 and compounds implantation Challenges in surface MMC compression type
SLO-2 Chemical and mechanical properties of Oxidation process Interfacial & Residual stresses Thermo sonic, Ultra sonic type Lab on chip module
Polymers, Quartz and GaAs
$-6 | SLO-1 Cf]emlca/, Biomedical type Diffusion process LiGa process- description merits and Types of surface bonding — Adhesive IR and Gas sensing
Micro sensors demerits
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SLO-2 |Piezoelectric type of Micro sensors Wet etching methods Implementation soldering, SOI type of bonding Thermal sensors
Process Design-block diagram and
SLO-1 |Thermal, SMA, Piezoelectric actuators Properties of etchants description Anodic bonding and lift off process Micro power generation
S-7
SLO-2 |Electro static type Micro Actuators Dry etching methods g:g:;g—;r;icigimcal design, Thermo- Precautions to be taken Micro TEG
4 |Micro devices- operation of Micro gears . Types of sealing- Micro shells, Hermetic .
58 SLo-1 and micromotors Production of plasma CAD- block diagram description and sealing Chemical sensors
SLO-2 g;z’g:;;’ges ~operation of Micro valves Etch stop methods implementation Micro ‘O’ rings,Reactive seal Micro humidity sensors
SLO-1 Selection of packaging materials Micro pressure sensors
S-9 Case study Case study Case study " "
SLO-2 Material requirements Paper MEMS
Learning 1. Tai-Ran Hsu, “MEMS and MICROSYSTEMS’, 22 reprint edition, Wiley & sons, 2015 3. VardhanGardener,"Micro sensors and smart devices”, John Wiley & Sons,2001
Resources 2. M. Madou, “Fundamentals of Micro fabrication”, Taylor and Francis group, 2002 4. NPTEL link: https://nptel.ac.in/downloads/112108092/
Learning A
8 Continuous Learning Assessment (50% weightage) ) - I
Lol e CLA—1 (10%) CLA-2 (15%) CLA- 3 (15%) CLA= 4 (10%)# Final Examinafion (50% weightage)
9 Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 30% - 30% - 30% - 30% - 30% -
Understand
Apply 9 B 9 B 9 B 9 . 9 .
Level 2 Analyze 40% 40% 40% 40 % 40%
Level 3 Evaluale 30% - 30% - 30% - 0% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. D. Karthikeyan, Controlsoft Engineering India Pvt Ltd, karthikeyan.d@controlsoftengg.in

1. Dr. J. Prakash, MIT, Chennai, prakaiit@rediffmail.com

1. Dr. A. Vimala Juliet, SRMIST

2. Mr. Hariharasudhan - Johnson Controls, Pune, hariharasudhan.v@jci.com

2. Dr. D. Nedumaran, Madras University, dnmaran@gmail.com

2. R.Bakiyalakshmi,SRMIST
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. . . . L|T|P
Course 18ECP109L / Course Course Project Work, Seminar, Internship In Industry / Higher
Code 18ECP110L | Name PROJECT/ SEMESTER INTERNSHIP Category | P Technical Institutions (P) o ol
Pre-requisite il Co-requisite Nil Progressive Nil
Courses Courses Courses

Course Offering Department Electronics and Communication Engineering ‘Data Book / Codes/Standards As required for the project work
Course Learning Rationale (CLR): The purpose of learning this course is to:
CLR-1: To prepare the student to gain major design and or research experience as applicable to the profession
CLR-2: Apply knowledge and skills acquired through earlier course work in the chosen project
CLR-3: Make conversant with the codes, standards , application software and equipment
CLR-4: Carry out the projects within multiple design constraints
CLR-5: Incorporate multidisciplinary components
CLR-6: Acquire the skills of comprehensive report writing
Course Learning Outcomes (CLO): At the end of this course, learners will be able to:
CLO-1: Design a system / process or gain research insight into a defined problem as would be encountered in engineering practice taking into consideration its impact on global, economic, environmental and social context.
Learning Assessment
Continuous Learning Assessment tool Review | Review Il Review Il Total
Assessment Weightage 5% 20% 25% 50%

. ) Assessment tool Project Report Viva Voce * Total
Final Evaluation -

Weightage 20% 30% 50%

* Student has to be present for the viva voce for assessment. Otherwise it will be treated as non-appearance for the examination with final grade as ‘Ab’
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. . . . C
Course Course Course Project Work, Seminar, Internship In Industry / Higher
Code 18ECP107L Name MINOR PROJECT Category P Technical Institutions (P) 3
Pre-requisite il Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department Electronics and Communication Engineering ‘Data Book / Codes/Standards As required for the project work
Course Learning Rationale (CLR): The purpose of learning this course is to:
CLR-1: Prepare the student to formulate an engineering problem within the domain of the courses undergone
CLR-2: Seek solution to the problem by applying codes / standards/ software or carrying out experiments or through programming
Course Learning Outcomes (CLO): At the end of this course, learners will be able to:
CLO-1: Identify a small part of major system or process, understand a problem associated with it and find solution or suggest a procedure leading to its solution.
Learning Assessment
Continuous Learning Assessment tool Review | Review Il Final Review * Total
Assessment Weightage 20% 30% 50% 100%
* Student has to be present for final review for assessment. Otherwise it will be treated as non-appearance for the examination with final grade as ‘Ab’
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Course 18ECP102L / Course Industrial Training 1/11 Course Project Work, Seminar, Internship In Industry / Higher c
Code 18ECP105L Name 9 Category P Technical Institutions (P) 1
Pre-requisite Nil Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department Electronics and Communication Engineering Data Book / Codes/Standards As exposed to during the duration of training
Course Learning Rationale (CLR): The purpose of learning this course is to:
CLR-1: ‘Provide an exposure to the students on the practical application of theoretical concepts in an industry or research institute
Course Learning Outcomes (CLO): At the end of this course, learners will be able to:
CLO-1: ‘Gain confidence to carry out supervisory, managerial, and design roles in an industrial context.
Learning Assessment
Assessment tool Final review
Conti Learning A t Training Report Presentation *
Weightage
75% 25%

* Student has to be present for the presentation for assessment. Otherwise it will be treated as non-appearance for the examination with final grade as ‘Ab’
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Course Course . Course Project Work, Seminar, Internship In Industry / Higher LIT|P]|C
18ECP108L Internship P . L
Code Name Category Technical Institutions (P) olol6 |3
Pre-requisite il Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department Electronics and Communication Engineering Data Book / Codes/Standards As exposed to during the duration of internship
Course Learning Rationale (CLR): The purpose of learning this course is to:
CLR-1: ‘Provide an exposure to the students on the practical application of theoretical concepts in an industry or research institute and also to gain hands on experience in the context of design, production and maintenance
Course Learning Outcomes (CLO): At the end of this course, learners will be able to:
CLO-1: ‘Gain confidence to carry out supervisory, managerial, and design roles in an industrial context or research environment
Learning Assessment
Assessment tool Final review
Conti Learning A t . Training Report Presentation*
Weightage
75% 25%

* Student has to be present for the presentation for assessment. Otherwise it will be treated as non-appearance for the examination with final grade as ‘Ab’
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Course 18ECP103L / Course Seminar 1/11 Course P Project Work, Seminar, Internship In Industry / Higher LT/ P|C
Code 18ECP106L Name Category Technical Institutions (P) olol2 |1
Pre-requisite il Co-requisite Nil Progressive Nil
Courses Courses Courses
Course Offering Department Electronics and Communication Engineering ‘Data Book / Codes/Standards As applicable
Course Learning Rationale (CLR): The purpose of learning this course is to:
CLR-1: ‘Idenﬁfy an area of interest within the - program or a related one (multidisciplinary), carry out a literature survey on it, gain understanding and present the same before an audience.
Course Learning Outcomes (CLO): At the end of this course, learners will be able to:
CLO-1: ‘ Carry out a self-study of an area of interest and communicate the same to others with clarity.
Learning Assessment
Assessment tool Presentation
. Lo . . Presentation skills / ability to answer questions
c
Learning Weightage Presentation material J understanding of the topic*
60% 40%

* Student has to be present for the presentation for assessment. Otherwise it will be treated as non-appearance for the examination with final grade as ‘Ab’
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